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A collection of cognitive abilities in animals that are typified by 
learning, problem solving, and higher-order cognition (Nugent, 2013) 
Animal 
personality 
Consistent differences between individuals in their behaviour across 
time and contexts. This implies that interindividual correlations exist in 
behaviour across time or contexts (also referred to as ‘behavioural 
syndromes’) (Dingemanse et al., 2010). 
Coping style The suite of behavioural and physiological responses of an individual 
that characterise its reactions to a range of stressful situations 
(Koolhaas, J.M. et al., 1999). Reactive or active copers respond to 
changes in their external (social or non-social) environment, whereas 
‘proactive’ or passive copers respond less or not at all (Dingemanse et 
al., 2010).. 
Emotionality  Archer (1973) defines it as an inherited predisposition of the autonomic 
nervous system allowing to react in a particularly strong and lasting 
way to some stimuli classes. It can cover different aspects in which we 
include here. 
Fear Is generally defined as a reaction to the perception of actual danger, 
whereas anxiety is defined as the reaction to a potential danger that 
threatens the integrity of the individual (Boissy, 1998). 
Fearfulness Tendency to react with fear, which can be seen as the short term 
reaction to stimulations provoking aversion (Jones, 1987). 
Learning and 
memory abilities 
Ability to acquire (learning) and preserve an information or a 
behaviour (Rosenzweig, 1976). 
Nervousness A term used by most riders to describe a tendency of a horse to be 
easily excited. An increase of excitement correlates with an increase of 
the postural tonus, of paces with little situation-specificity (Kiley-
Worthington, 1976). 
Personality Mental, emotional, social and physical characteristics that appear in a 
specific pattern of behavior in different situations and are unique for an 
individual (Folkman and Lazarus, 2013; Koolhaas in sod., 1997).  
RR-intervals  Where R is a point corresponding to the peak of the QRS complex of 
the ECG wave; RR is the interval between successive Rs. 
Temperament Behavioural style that refers to the how rather than the what (abilities 
or content) or the why (motivation) of behaviour which are all involved 
in individual expression of personality. It can be described as a 
consistent set of behavioural traits that influence an individual’s 
response to external stimuli (Goldsmith et al., 1987). 
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ANS Autonomic nervous system 
BD Basic dataset 
DD Detailed dataset 
ECG Electrocardiogram 
FFM Five factor model 
FFT Fast Fourier transformation 
HF High frequency 
HPQ Horse personality questionnaire 
HR Heart rate 
HRV Heart rate variability 
IBI Inter-beat-intervals 
LF Low frequency 
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PCA Principal component analysis 
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PNS Parasympathetic nervous system 
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R Each wave peak on the ECG recording 
RMSSD 
Square root of the mean of the sum of the squares of differences 
between successive ibis 
SDANN 
Standard deviation of the mean of ibis in all 5-min segments of the 
entire data set 
SDNN Standard deviation of all ibis of the data set 
SDNNindex 
Mean of the standard deviations of all ibis for all 5-minute segments of 
the entire data set (24h) 
SNS Sympathetic nervous system 
VLF Very low frequency 
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There ia a general belief that horses behave differently from each other because of their 
inborn tendencies, while others think it is because of their upbringing. Both opinions can 
be perceived as partly correct, because we know that environment and genetics provide 
inborn abilities, epigenetics and traits, while experience and upbringing modify those 
genetic tendencies (Grandin and Deesing, 2014). As stated by Grandin and Deesing 
(2014), genes don’t determine the behavior, but they play a role in shaping it. However, 
genes directly code proteins, but not behavior, yet a change in a single protein code can 
lead to a different phenotypes characteristic. 
Carere and Maestripieri (2013) described the concept of personality in animal research as 
the existence of behavioural and physiological differences among individuals of the same 
species, which are stable over time and across different contexts or situations. In applying 
the same concept to horses, it is a general belief that individual horses require different 
approaches in learning, handling and training. Personality assessment of horses can 
therefore be used to select suitable training and weaning methods, choose or breed horses 
for police work or therapeutic riding, investigate underlying reasons for development of 
behavioural problems or assess how an unknown horse might react to new or aversive 
situations or stimuli. A human Five Factor model and other methods for analysing 
personality have frequently been used as a basis for horse personality structure analysis 
(e.g., Lloyd et al., 2008; McGrogan et al., 2008) and some evidence point at the presence 
of complex facial expressions nearly identical to humans (Wathan et al., 2015). Due to 
such personality differences between individual animals, horses may require different 
approaches in learning, handling and training. According to some researchers, it is possible 
to improve performance and horse welfare by identifying the right match between a horse's 
temperament, its rider's personality, housing conditions, management and by choosing the 
appropriate activity for an individual horse (Visser et al., 2001). Thus, assessment of a 
horse's personality is an important topic in horse breeding and it can be graded according 
to four methods: 1) the questionnaire-based personality assessment method, 2) behavioural 
tests, 3) personality assessment based on heart rate and 4) the method of grading by 
anatomical characteristics. The first two methods have already seen extensive use, while 
the last two methods are still under development.  
There is anecdotal evidence, which supports familial trends in behaviour and personality 
that circulate among horse owners and caretakers. Despite the development made in horse 
personality assessment protocols, the process has been slow and no reliable methods have 
been proposed to speed it up, nor how best to use them in practice. Most researchers apply 
one or two methods when assessing horse personality, hence there is a lack of a 
multifactorial approach when looking at individual behaviour differences over time and 
different contexts. Therefore, we were interested in verifying the reliability of methods by 
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comparing questionnaires, personality descriptions following Tellington-Jones and Taylor 
(2009) anatomical recommendations, heart rate measurements and behavioural tests, 
namely two fear tests and a handling test. We used questionnaires as the most widely used 
method, where animal personality traits are defined by subjective ratings grounded on 
personality descriptive adjectives (Debeljak and Zupan, 2014). We measured heart rate 
(HR) and its variability (HRV) during behavioural testing, because this method is often 
used when a horse is exposed to a number of challenges like riding exercises or unfamiliar 
objects (Stucke et al., 2015) and can be used to quantify a horse’s emotionality and 
personality (Visser et al., 2002). As for anatomical characteristics, the study of Gorecka et 
al. (2006) proved that horses' hair whirl position is genetically conditioned or associated 
with motor behaviour (Murphy and Arkins, 2008). For other characteristics, only 
Tellington-Jones and Taylor (2009) described different characteristics of a horse’s body 
and head, and linked them to specific horse personality traits. The terminology used by the 
authors was not consistently defined in any objective way and its specific meaning cannot 
be validated. Almost exclusively, these descriptions were based on individual experiences 
with horses and are therefore very subjective.  
For our study, we chose the Slovenian Lipizzan horse. The Lipizzan is a consistent, 
elegant, noble and middle framed horse, suitable for the implementation of classic dressage 
elements and all forms of equestrian participation under the saddle and in harness (Rus, 
2010). For our study, we used the animals that met the following criteria: a) horses were of 
a Lipizzan breed, b) five years old or older, c) were ridden (trained to a saddle) and d) 
healthy (internal temperature: 36.5-38.5°C). The age criterion was breed related as a five-
year-old Lipizzan horse is mature and fully-grown at this age and thus it does not change 
significantly over the following years. We aimed to investigate the anatomical features of a 
horse's head and body (using three different approaches: a) based on a description written 
by Tellington-Jones and Taylor (2009), b) by measuring distances on a horse's head, using 
a sartorial meter or c) a computer program),  physiological parameters such as temperature 
and heart rate and analyze the correlation with these parameters to the horse personality 
using more common methods (questionnaires and three behavioural tests).  
The main objective of this research was: 
a) To investigate context-specificity associated with behaviour during exposure to 
different types of stimuli and assign each horse to personality groups. 
b) Measure anatomical characteristics of the head and body by using three different 
techniques, the sartorial meter, the computer program and the description provided 
by Tellington-Jones and Taylor (2009). 
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c) Validate different methods to determine horse personality in order to find the least 
subjective and most reliable method(s), which can be easily implemented under 
practical conditions by using a rigorous statistical approach. 
We hypothesized that horses will react with different cooping mechanisms to behavioural 
tests and that body measurements, related with body size and shape, are indicative of the 
behavioural responses on behavioural tests. Furthermore, we hypothesized there is a 
possibility for using different personality methods to assess horse personality and expect to 
obtain comparable results.  
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2 REVIEW OF LITERATURE 
2.1 EQUINE ANATOMY AND PHYSIOLOGY 
2.1.1 Horse head 
The shape and size of the horse skull varies widely with age, breed and sex (Bennett, 
2008). The skull protects the brain and head against injury and supports the structures of 
the face. It is comprised of many small flat bones, most of which are paired. Cartilage or 
fibrous tissue separates the bones of the skull in the young animal and once growth has 
ceased, the sutures begin to ossify (more detailed information’s about ossification timing in 
Annex A).  
The bone structure of the skull is covered with various muscles. Some researchers believe, 
that horses have inflexible faces compared to other mammals. As compared to dogs, they 
do not display intent stares, broad grins or menacing of an upper lip (Bennett, 2008). On 
contrary, Wathan et al. (2015) claimed that horses have dozens of small muscles devoted to 
meaningful movements of ears, eyelids, eyebrows, nostrils and lips. While developing 
methodology for identifying and coding facial expressions, Wathan et al. (2015) identified 
a wide range of facial movements, including many that are also seen in primates and other 
domestic animals (dogs and cats). Figure 1 represents the key facial landmarks of the 
horse, which were used in our study and are explained in more details in chapter Material 
and methods. 
Figure 1: A facial crest and other important locations on horses' heads. 
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One of the very important characteristics on the horse’s head are the hair whorl patterns 
(Figure 2), also known as trichoglyphs or swirl, and are determined by changes in the 
direction of flow of the hair from the central locus (Murphy and Arkins, 2008). The first 
literature about the connections between the hair whorls on horses’ head and temperament 
was published in 1985 by Tellington-Jones and Bruns, with two more studies following 
after 5 years (Barker, 1990; Friedly, 1990). Association between whorls and personality 
was further tested and described in following years (Bueno Ribeiro et al., 2012 as cited in 
Grandin and Deesing, 2014; Flörcke et al., 2012; Grandin et al., 1995; Lanier et al., 2001; 
Martins et al., 2009; Meola et al., 2004; Randle, 1998) as well as in horses (Górecka et al., 
2007; Grandin and Deesing, 2014; Merkies and McGreevy, 2015; Randle et al., 2003; 
Sereda et al., 2015; Swinker et al., 1994) and the results from mentioned studies varied as 
explained in chapter 2.3.4. 
 
2.1.2 Heart rate and heart rate variability 
2.1.2.1 Heart structure and function 
The cardiovascular system consists of a heart, a distributing system, an exchange system 
and a collecting system. It consists of two major divisions that are connected in series: a 
pulmonary and systemic division with the heart as the central organ of the circulatory 
system. Its continuous pumping work constitutes the source of blood motion to accomplish 
Figure 2: Different swirls on horsess head. 
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the functions of distributing, exchanging and collecting (Altimiras, 1995). Although the 
heart is referred to as a midline structure, one third of the heart lies to the right of the 
midline and the two-thirds to the left (Whitaker, 2014). It is a hollow, fibromuscular organ 
in the shape of an irregular cone (Mahadevan, 2014) and consists of a fibrous skeleton on 
which heart muscles and four cardiac valves are attached (Mahadevan, 2014). The heart is 
organized into four chambers: upper two atriums and lower two ventricles. The blood low 
in oxygen from the systemic circulation enters the right atrium from the superior and 
inferior vena cavae. The interior of the right atrium is predominantly smooth and it ends 
with the tricuspid valve which leads to the right ventricle. From there, blood is pumped 
through the infundibulum with the pulmonary valve into the pulmonary circulation. The 
left atrium is a box-shaped, mostly smooth chamber, which receives blood from the lungs 
through four large valve-less pulmonary veins. In the inferior part of the left atrium is the 
mitral valve that leads to the left ventricle, which has roughened walls. The outflow tract of 
the left ventricle leads to the aortic root, through the aortic valve, from where blood 
continues to the systemic circulation (Mahadevan, 2014; Whitaker, 2014). 
2.1.2.2 Heart rate variability 
One of the most basic cardiovascular measurements is the cardiac output. It is defined as 
the amount of blood ejected by the left ventricle to the systematic circulation. This 
parameter represents the balance between the demand and the ability of the heart to fulfill 
these requirements (Altimiras, 1995). Heart rate, or heart pulse, stands for the number of 
heart contractions measured in time, usually minute (bpm) (Cestnik, 1995). The normal 
resting heart rate of an adult horse ranges from 25 to 40 (bpm) (Heipertz-Hengst, 2002). 
Heart rates differ according to age, fitness, breed as well as individual characteristics such 
as size or character. In order to interpret the pattern of a horse's resting heart rate, we first 
need a benchmark, which is identified by measuring the resting heart rate over 5 
consecutive days and taking the average of these five measurements (Heipertz-Hengst, 
2002). If the resting heart rate is 6 bpm higher than normal, then that horse is under stress 
(Heipertz-Hengst, 2002). Also, sudden excitement, fear, or anticipation of exercise can 
increase the heart rate rapidly to over 100 bpm (Heipertz-Hengst, 2002). Different stressors 
can induce a shift of the autonomic balance towards either a sympathetic or a 
parasympathetic dominance (Visser et al., 2002). Vagal or parasympathetic influences 
generally reduce heart rate, while sympathetic activity causes an increase of heart rate. 
These two components can act either synchronously or independently, resulting in similar 
effects. Reduced heart rate, for instance, can arise from increased parasympathetic activity 
as well as from decreased sympathetic tone or, in most cases from a combination of both 
(von Borell et al., 2007). 
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HR displayed by an animal at any given time is the result of a complex interaction of 
different extracardiac mechanisms (Figure 3). In Figure 3 The different waveforms for 
each of the specialized cells found in the heart are shown. These mechanisms are not only 
responsible for charges in HR but also on the variations for HR in a beat-to-beat basis, also 
known as heart rate variability (HRV) (Altimiras, 1995). HRV is a neurophysiological 
measure of cardiac activity, which reflects the influence of the autonomic nervous system 
(ANS) on the interval between successive heart beats or inter-beat-intervals (IBI). The time 
intervals between these heartbeats in healthy animals are not of equal duration. This 
reflects ever changing psychophysiological state of the animal that is predominantly 
regulated by both branches of ANS, the parasympathetic (vagal) and sympathetic (Porges, 
1995). The observed heart pulse usually reflects combination of both, as parasympathetic 
and sympathetic nervous systems can act synchronously or independently (von Borell et 
al., 2007). The ANS also regulates the internal environment of the body to maintain 
homeostasis (Porges, 1995) or allostasis (Korte et al., 2007). Allostasis is a physiological 
concept based on a belief that the capacity to change is crucial to good physical and 
psychological health, as well as good animal welfare. 
Figure 3: Basic structure of the cardiac conduction system and its relationship to the cardiac chambers and 
to an electrocardiography (ECG) wave cycle (Tarvainen and Niskanen, 2012). 
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HRV analyses in human beings and animals can be quantified using three approaches 
(Stucke et al., 2015), but are mainly based on time and frequency domain analyses 
(Litvack et al., 1995; von Borell et al., 2007). Time domain analysis of HRV reflects 
various aspects of statistical variability in the inter-beat-intervals (IBI) data series. The 
mean IBI, the standard deviation of all IBIs of the data set (SDNN), the standard deviation 
of the mean of IBIs in all 5-min segments of the entire data set (SDANN), and the mean of 
the standard deviations of all IBIs for all 5-minute segments of the entire data set 
(SDNNindex) reflect a long-term variability of cardiac activity and are influenced by both 
the sympathetic and the parasympathetic system. Measures of variability derived from the 
differences between adjacent IBIs are the square root of the mean of the sum of the squares 
of differences between successive IBIs (RMSSD), the number of pairs of successive IBIs 
differing by more than 50ms (NN50count) and NN50count divided by the total number of all 
IBIs (pNN50), with in particular the RMSSD reflecting high frequency beat-to-beat 
variations. Since the parasympathetic system reacts faster (response time from 0.2 to 0.6 
seconds) than the sympathetic one (response time few seconds) (Tarvainen and Niskanen, 
2012), high frequency variations represent especially vagal activity (von Borell et al., 
2007). Time domain indices only allow describing the net effects of interaction between 
the SNS (sympathetic nervous system) and PNS (parasympathetic nervous system) (Stucke 
et al., 2015). 
In a HRV analysis, one is especially interested in the power of the signal within certain 
predefined frequency bands, that differ between animal species (Bowen and Marr, 1998; 
Kuwahara et al., 1996). A spectrum calculated from short term IBI measurements 
generally includes three main spectral components: very low (VLF), low (LF) and high 
(HF) frequency peaks (Task Force, 1996; von Borell et al., 2007).  
2.1.2.3 Heart rate measurements in horses 
The parasympathetic nervous system in horses strongly influences both HF and LF power, 
while the sympathetic nervous system only affects LF power (Stucke et al., 2015). 
Frequency band thresholds are species specific (von Borell et al., 2007), for example as the 
HF band is determined by respiratory sinus arrhythmia, which depend on the species 
typical respiratory rate and vagal and sympathetic activity is quite different between 
species. Kuwahara et al. (1996) defined frequency band thresholds in horses on the basis of 
studies with specific pharmacological blockade of the ANS and the comparison with the 
variability of respiratory waveform and blood pressure. Bowen and Marr (1998) validated 
these thresholds by comparing different threshold sets in further pharmacological studies. 
The recommended frequency band thresholds for HRV analysis in horses are: VLF 0 - 0.01 
Hz, LF 0.01 ≥ 0.07 Hz and HF 0.07 ≥ 0.6 Hz (Figure 4). These thresholds have been used 
in a number of studies, although other thresholds have been applied as well (Witte, 2001; 
Rietmann et al., 2004; Cottin et al., 2005; von Borell et al., 2007). According to Stucke et 
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al. (2015) thresholds in other studies varied for LF from 0.005 Hz to 0.2 Hz and for HF 
from 0.07 Hz to 2 Hz. A different threshold for VLF was only used in one study and it was 
set from 0.001 to 0.005 Hz. Rietmann et al. (2004) and Witte (2001) defined their own 
thresholds with human derived algorithms (Bernasconi et al., 1998) based on counted 
respiratory frequency. Individual frequency band thresholds vary as a function of current 
physiological condition (von Borell et al., 2007) and frequency band thresholds should not 
be defined without pharmacological blockade of the ANS (Marchant Forde, 2003), because 
these defined frequency bands combine individual variations. It is not possible in horses to 
infer the ANS activity from HR as it is done in other animals, because heart rate does not 
change after propranolol injection due to a parasympathetic dominance at rest (Walsh, 
1969). Therefore, it is even more important to evaluate the ANS activity in horses based on 
power spectrum analysis of HRV (Kuwahara et al., 1996).  
2.1.3 Internal body temperature 
Temperature regulation is a variable and a noticeable form of homeostasis (Heipertz-
Hengst, 2002). Enzymes within all cells can only remain functional at optimal 
temperatures, therefore if the body temperature leaves the acceptable range, cells will not 
be able to perform their chemical reactions. A healthy horse will maintain its rectal body 
temperature within a rather narrow range of 36.5 - 38.5ºC. Some changes to a small extent 
in a horse’s body temperature are possible due to extreme day and night temperatures, 
exercise and excitement, but body temperature normally remains within a tight range, even 
during these conditions. Horse’s rectal temperature can also increase to 39.5 - 40.5ºC 
immediately after exercise (Heipertz-Hengst, 2002). If resting temperature rises above 
Figure 4: Power spectral density (PSD) of heart rate variability (HRV) performed by fast Fourier 
transformation (FFT) using the Welch periodogram method (Kuwahara et al., 1996). 
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38.5°C, it may indicate disease, overheating or colic, while on the other hand, temperature 
lower than 36.5°C can reveal shock or viral infection (Heipertz-Hengst, 2002). 
2.2 PERSONALITY  
Existing classifications of temperament, characters, personality types and ways of 
behaviour are still disputable issues of the present-day scientific world (Dyussenbayev, 
2013), not only in human but also in animal research. While reviewing the literature, we 
were faced with different and sometimes even incorrect interpretations of personality. In 
this chapter, we will define personality according to different literature sources for better 
understanding of the text that follows.  
2.2.1 Human personality 
Human psychology has a long history of personality research, compared to the study of 
animal behavior (Barenbaum and Winter, 2010). Personality research is, almost by 
definition, concerned with those traits that show some stability through ontogeny, since the 
term personality refers to “those characteristics of individuals that describe and account for 
consistent patterns of feeling, thinking, and behaving” (Gosling, 2001). However, 
personality characteristics are not thought to be absolutely stable throughout ontogeny. In 
fact, human personality traits are known to differ in their stability and to undergo 
systematic changes with age, maturational events and social-contextual transitions (Caspi 
et al., 2005; Roberts et al., 2006). 
According to Musek (2002), personality in humans consists of four segments: 
temperament, temper or character, countenance and constitution or body type. 
Temperament is a hereditary instinctive element like liveliness or hot-tempered 
(Dyussenbayev, 2013; Musek, 2002). Character is the totality of settled individual 
characteristics of psychical activity formed during the process of adaptive ontogenesis 
(Dyussenbayev, 2013; Musek, 2002). Countenance, also known as behavioural style, is a 
conscious choice of morals and strategy actions reflecting the type of innate psycho-
physiological constitution, formed character and values of the individual orientation 
(Dyussenbayev, 2013). Constitution or body type includes characteristics of physical 
appearance, posture and characteristics of individual parts of the body (Musek, 2002). 
Eysenck (1967) described an approach to personality, where different aspects of 
personality are organized into three levels: a state, a trait and a type. The state means the 
behavior an individual performs or the 'mood' it is in at a specific moment in time in a 
specific situation (e.g. afraid in a novel environment). If an individual is repeatedly found 
to be in similar states in similar situations, we can make assumptions about the underlying 
personality trait (e.g. fearfulness). The next level up is super trait or type, also known as 
factors (Erhard and Schouten, 2001). According to Gosling and John (1999) the most 
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widely accepted and complete map of personality structure is the Five Factor Model of 
human personalities (FFM). The FFM is a hierarchical model with five broad factors: 
extraversion, agreeableness, conscientiousness, neuroticism and openness. Each of the 
factors summarizes several more specific facets (e.g., sociability), which, in turn, subsume 
a large number of even more specific traits (e.g., talkative, outgoing) (Gosling and John, 
1999). These traits tend to be correlated with each other, for example, tend to be talkative, 
assertive, active, energetic, outgoing, outspoken, dominant, forceful, enthusiastic, sociable, 
adventurous, noisy and bossy (John and Srivastava, 1999).  
2.2.2 Animal personality 
The study of personality in non-human animals has a short history. An early landmark was 
a set of studies by Pavlov (1928), in which he identified three temperamental types in dogs: 
sanguine, melancholic and equilibrated type (Wolf, 2009). Animal personality started to be 
the subject of considerable scientific interest again in the last decade. 
A survey by Gosling (2001) counted personality studies in 64 species from a wide range of 
vertebrate and invertebrate taxa, including mammals, fish, birds, reptiles, amphibians, 
arthropods and molluscs. Erhard and Schouten (2001) believe that the term 'personality' is 
well suited to describe and structure 'individual variation' in animal behavior, but still, 
some scientists have been reluctant to ascribe personality traits, emotions, and cognitions 
to animals, even though they readily accept that the anatomy and physiology of humans is 
similar to that of animals. The thinking changed to some extent with the the EU law, by 
which animals are defined as “sentient” creatures, indicating that they are considered as 
conscious feeling animals (Korte et al., 2007). 
Human Five Factor model and other methods for analysing personality have frequently 
been used as the basis of horse personality structure analysis (e.g., Lloyd et al., 2008; 
McGrogan et al., 2008) and some evidence point at the presence of complex facial 
expressions nearly identical to humans (Wathan et al., 2015). Reviews in animal research 
(Gosling and John, 1999; Gosling, 2001) indicate that personality traits similar to four of 
the five human factors (Extraversion, Agreeableness, Neuroticism, and Openness) are 
reported across over 40 animal taxa including horses. Nevertheless, different studies 
showed different results. McGrogan et al. (2008) rated 100 companion horses and resulted 
emergence of three factors resembling the Extraversion, Agreeableness and Neuroticism. 
In another study (Lloyd et al., 2007) PCA revealed six personality components, which were 
interpreted as dimensions of horse personality. Those were dominance, anxiousness, 
excitability, protection, sociability and inquisitiveness. Lloyd et al. (2007) claimed that the 
FFM component of neuroticism is comparable to anxiousness, component extraversion 
appears to be most similar to the component sociability, and the FFM component of 
agreeableness bears some similarities to that of dominance. The FFM component openness 
is similar to that of inquisitive. The FFM component of conscientiousness does not appear 
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to match well with any of the horse personality components. Morris et al. (2002) achieved 
high inter-correlations in the ranking of the horses for all the BF dimensions. In a study 
carried out by Momozawa et al. (2005), scientists extracted five factors out of the 
questionnaire surveys of equine temperament. Four factors were approximately conserved 
and among them, three factors had sufficient internal consistency to be considered 
representative and these were anxiety, trainability, and affability. 
Other studies tested how personality influences animal welfare, heart rate variability and 
other important topics in horse husbandry and training. Some differences between 
personality and links between heart rate and personality in horses have been shown in a 
study by (McCann et al., 1988). The study indicated that higher heart rate was noted with 
the more nervous yearlings. Anderson et al. (1999) further tested correlation between 
temperament, reactivity and hormone concentrations in horses, but they did not find any 
significant correlations. There was also some tendency for relationships between extremes 
in temperament (desirable vs. undesirable) and hormone concentrations, as well as in 
reactivity (low vs. high) and hormone concentrations (Anderson et al., 1999). The results 
of Lloyd et al. (2007) provided evidence for breed typical personalities and is supported by 
findings of other studies (Hausberger and Muller, 2002; Hausberger et al., 2004). Breed 
differences and the similarity of personality between breeds that have linked ancestry 
provide further support for the inheritance of behavior (Lloyd et al., 2008). 
General behavioural responses of animals (horses) can be categorised using the theory of 
‘active copers’, also called ‘proactive coping strategy’ (try to escape from or remove an 
aversive stimulus, and consists of aggressiveness, boldness, and inflexibility) and ‘passive 
copers’, also called reactive coping strategy’ (no obvious outward signs, they appear to be 
unaffected and combines low aggressiveness, risk aversion, and flexibility to changes)’ 
(Hessing et al., 1993; Wechsler, 1995; Koolhaas et al., 1999). Spoolder et al. (1996) 
criticized those results by pointing out the lack of supporting evidence of the division of 
pigs into categories. Grouping the pigs in this way left a large proportion of the individuals 
unaccounted for and Spoolder et al. (1996) suggested that there are more than just two 
groups of animals (horses) according to behavioural responses. Research on horses, made 
by Seaman et al. (2002) supports conclusions made by Spoolder et al. (1996) as several 
horses were categorised as overtly passive in one type of test and overtly active in another. 
Therefore, those horses could not be categorised using the active or passive coper theory. 
2.3 REVIEW OF PERSONALITY ASSESSMENT METHODS 
In order to form a good relationship between a human and a horse, it is essential to 
understand the equine temperament (Momozawa et al., 2005). Objectively measured 
temperament would allow for a potential of group housing with minimal risk of the horse 
injuries that can be result of an aggressive individuals. These management systems are 
more cost effective and associated with a reduced incidence of behavioural problems such 
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as stereotypy and wood chewing (Kiley-Worthington, 1999). Personality assessment can 
be used to choose suitable training and weaning methods, choosing or breeding horses for 
police work or therapeutic riding, investigating underlying reasons for the development of 
behavioural problems or assessing how an unknown horse might react to novel or aversive 
situations or stimuli (Seaman et al., 2002). It can also be used to match a suitable horse to 
the rider's personality, with the existing housing conditions and management or with the 
discipline the horse will be employed for (Mackenzie and Thiboutot, 1997).  
According to Visser et al. (2001), horse personality assessment can be used to predict 
future performance in show-jumping horses, so it may contribute to breeding or selecting 
the winning athlete in sports. Similarly, Buckley et al. (2004) stated that the temperament 
and, therefore, personality of a horse is considered to be an important attribute and was 
considered a key issue in horse health and performance. Lastly, the personality of an 
individual is reflected in its behavior at all times, including when it is ill (Mills, 1998), 
which could be important when injured or ill and need to undergo treatment. In the 
literature, four methods to assess the personality of a horse are described: a) questionnaire, 
b) behavioural tests, c) physiological characteristics, such as heart rate, and d) anatomical 
characteristics. 
2.3.1 Questionnaire 
Questionnaires are the most widely used method for determining horse personality 
(Debeljak and Zupan, 2014). Animal personality traits may be defined by subjective 
ratings such as personality descriptive adjectives. With it, we can rate a large number of 
traits in a relatively short time (McGrogan et al., 2008). What follows is just some basic 
information since questionnaires were not a subject of investigation in our study. 
Adjective list in questionnaires may be based on lists used in previous human studies or a 
previously identified factor structure such as most common human FFM. Such research 
was made by Morris et al. (2002) where the Big Five scheme of Costa and McCrae (1992) 
served as the basis for their study. Their aim was to determine whether a group of naive 
and untrained raters would be able to use the NEO Personality Inventory - Five Factor 
Inventory (NEO-PI- FFI) to rate a group of stable horses consistently. Of the original 60 
items (12 items for each of the five scales) on the short version of the NEOPI-FFI, 59 were 
converted to a third person format. All negative statements were converted to positive 
statements and the statements represented both poles of the trait. The response mode for all 
items was a scale which was scored between 0 and 32 where a score of 32 means strongly 
agree and 0 means strongly disagree. Each of the nine judges rated all 10 the horses, using 
a separate questionnaire for each horse. 
Adjective list for horse personality assessment can also originate from assessment methods 
previously applied to other non-human animals. Lloyd et al. (2007) horse personality 
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questionnaire was constructed using 30 behaviourally defined adjectives. Of these, 25 were 
derived from the Stevenson-Hinde and Zunz (1978) and Stevenson-Hinde et al. (1980) 
assessment method for rhesus macaques (Macaca mulata). Five additional adjectives were 
added to the questionnaire. Three of those (suspicious, hardworking and reliable) were 
selected from Morris et al. (2002), the final two (stubborn and intelligent) were commonly 
used by horse owners and handlers, and were considered by the authors to be suitable 
adjectives. Horses were scored on each behaviourally defined adjective using a seven-point 
scale and by circling the most appropriate number. A score of one represented no 
expression and a score of seven represented the total expression, while a score of four 
represented an ‘average’ or intermediate score. The HPQ was a four-page questionnaire 
that included demographic questions about the horse and owner, as well as the 30 BDAs, 
each of which was accompanied by a full behavioural definition (Lloyd et al., 2007). Each 
of 61 horses was assessed by at least two handlers. 
Some of the researchers developed their own adjective list. McGrogan et al. (2008) 
claimed that the use of adjectives or factor structures based on previous studies of different 
species can lead to incorrect results. Consequently, McGrogan et al. (2008) developed 
adjective list with sets of personality descriptors based on the perceptions of people 
familiar with a particular species. They asked 30 horse owners, trainers and stable 
managers to compile their list of words, which could be used to describe individual 
differences in personality of horses. Words from the lists were combined, thus a rating 
form with 36 words was structured and used in their study. On the rating form, each 
adjective was followed by a one-sentence clarifying definition, which was consistent with 
the dictionary definition of the adjective and made the adjective meaningful when applied 
to a horse. The applicability of each adjective to the rated horse was indicated with a 7-
point scale on which '1' indicated total absence or negligible amount of the trait and '7' 
indicated a large amount of the trait. The results were compared with the human FFM. 
In this study, we used a horse personality questionnaire, developed by Lloyd et al. (2007) 
(Annex C). Lloyd et al. (2007) assessed 61 horses and achieved 72.13 % level of 
agreement between raters. With the use of PCA, the HPQ data showed six underlying 
personality components. We decided to adopt this questionnaire because the complete 
behavioural definitions of personality adjectives were included in the article. In addition, 
we were searching questionnaire with demonstrated reliability. According to Morris et al. 
(2002), challenges to reliability can come from three sources: the precision and stability of 
the measurement instrument, the behavior of judges in using the instrument, the nature of 
the persons or elements to be evaluated, or any combination of these. Gosling and Vazire 
(2002) describe three main criteria that animal personality research should meet in order to 
increase overall reliability. These were (1) ‘‘assessments by independent observers must 
agree with one another, (2) these assessments must predict behaviors and real-world 
outcomes and (3) observer ratings must be shown to reflect genuine attributes of the 
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individuals rated, not merely the observer’s implicit personality theories about how traits 
co-vary’’ (Lloyd et al., 2007). Research made by Lloyd et al. (2007) clearly meets all three 
criteria. 
2.3.2 Behavioural tests 
All behavioural tests for horses can be organized into five groups: 1) reactivity test or 
novel object test (Anderson et al., 1999; Górecka et al., 2007; Le Scolan et al., 1997; 
Momozawa et al., 2003; Seaman et al., 2002; Visser et al., 2001), 2) handling test or 
response to a person (Le Scolan et al., 1997; Seaman et al., 2002; Visser et al., 2001), 3) 
arena test (Le Scolan et al., 1997; Seaman et al., 2002), 4) ridden work tests (Munsters et 
al., 2012) and 5) tasks in which horses had to solve a problem (Le Scolan et al., 1997). 
Usually, none of these tests is used individually, they are accompanied by other behavior 
tests or other personality assessment methods. Behavioural tests were not a subject of 
investigation in our study and will only be mentioned briefly in this chapter. 
A novel object test or a reactivity test is the most widely used among behavioural tests 
followed by the handling test and the arena test. Ridden work tests and tasks in which 
horses had to solve a problem were only used in one study. First four groups were designed 
to elicit an emotional response. Emotionality is measured through a variety of observed 
behaviors, like exploration, whinnies, snorts, tail raised, etc. A number of statistically 
significant correlations are reported between the ratings and actual behaviors (Górecka et 
al., 2007; Le Scolan et al., 1997; Momozawa et al., 2003; Munsters et al., 2012; Visser et 
al., 2001), but we can also find inconsistent results (Anderson et al., 1999; Seaman et al., 
2002) 
Le Scolan et al. (1997) used a behavioural test in which horses had to solve a problem to 
reach positive reinforcement. Both instrumental and spatial learning were thus tested. The 
first task of instrumental learning consisted in opening a wooden chest in order to find 
food, the second task consisted of memorisation where same test was repeated 4 weeks 
later. The ability to learn and memorize was measured in numbers of trials and time needed 
to perform the task. The spatial task was a task where the animal had to go around a 
‘circle’ to find an entrance leading to the food. Both instrumental tasks appeared to be a 
good predictor of general learning abilities. 
When we were thinking about what type of behavioural test we should use in our study, we 
first focused on what the riders, breeders or owners of a horse considered important. 
According to Graf et al. (2013) questionnaire, respondents assigned more importance to the 
personality-related character and temperament traits in comparison with performance traits. 
In another questionnaire-based study by Axel-Nilsson et al. (2015), participants of the 
questionnaire marked a trait 'easy to bring to new environments' as the most important. 
While investigating further in popular science resources, we summarized that confidence, 
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cooperative and trainable traits are most wanted by horse trainers, breeders and riders. 
Horse confidence is directly linked to a trait 'easy to bring to new environments' and also 
with fearfulness. There is a general belief among horse trainers that horses are afraid of 
objects, sounds and movements. The challenge can be even bigger for a horse, if triggers 
are combined: for example, a moving object or an object that produces sound. The 
situation where a horse is faced with a moving object that produces sound is considered as 
the most challenging. Having that in mind, we put together a concept of three behavioural 
tests: target-training test was designed to test a horse's learning ability and for that purpose 
we used a yellow ball attached to the end of a stick (a riding whip). We came across the 
idea in zoos, where keepers would use ball on a stick to teach an animal to perform 
different body movements, which can be used in the daily care of the animals. Target 
training is frequently considered as basic in positive reinforcement training and is generally 
considered easy to achieve. Two other tests were designed to test horse fearfulness. We 
used somewhat different umbrella test than described in scientific literature: two identical 
colorful umbrellas formed a passage through which the horse was led. Umbrellas 
represented objects without movement and sound.  
2.3.3 Physiological traits and personality assessment 
2.3.3.1 Internal body temperature 
A conditioned rise in body temperature occurs in response to stimuli predictive of and 
during exposure to unpleasant events in rats, mice, voles, silver fox and macaque monkeys 
(Moe et al., 2012). Handling stress in avian species resulted in a rise in body temperature 
and concomitant general skin vasoconstriction during the initial minutes of handling, 
followed by subsequent vasodilatation and rise of surface skin temperature, thus indicating 
a thermoregulatory vasomotor response reflecting an emotional fever (Moe et al., 2012). 
Because the chicken comb is richly vascularized, it is not difficult to record vasomotor 
responses and thus infrared thermography has been referred as a useful method to detect 
mild psychological distress (Moe et al., 2012). A rise in body temperature in response to 
stimuli predictive of or during exposure to unpleasant events has been interpreted as 
evidence of emotions in mammals and birds. However, this phenomenon has so far only 
been studied during anticipation of or exposure to negative events. Moe et al. (2012) in 
contrast to other research tested positive emotional states in laying hens by using 
mealworms. On average, comb surface temperature dropped after exposure to light stimuli 
and consumption of a reward. Such temperature drop indicates a peripheral 
vasoconstriction and has clear resemblances to emotional fever as seen during negative 
emotional states (Moe et al., 2012). 
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2.3.3.2 Heart rate and heart rate variability 
(Clement and Barrey, 1995) examined sex, age and breed related differences in HRV and 
detected significant effects of sex and age. Mares and young horses showed major 
variability in comparison with geldings. In contrast, Rietmann et al. (2004) could not 
determine sex related differences in HRV measures in horses. The impact of sex, age and 
breed on HRV in horses was not examined further in recent studies (Christensen et al., 
2014; Vitale et al., 2013). In a study by Kuwahara et al. (1999) and Ohmura et al. (2012) 
results showed that heart rate declined at night and was lowest in the early morning. LF 
and HF power was higher by night (Eager et al., 2004; Kuwahara et al., 1999), where 
LF/HF ratio did not change during the day (Kuwahara et al., 1999), suggesting that 
parasympathetic activity is relatively strong at night. Uhlendorf (2009) described a 
predominately parasympathetic nervous system in the morning and a dominance of the 
sympathetic activity in the afternoon. In summary, time of the day seems to be an 
important factor that should be controlled for in equine HRV analysis. 
Moderate exercise of horses decreased HF power and increased LF power (Cottin et al., 
2005; Voss et al., 2002) whereas intensive physical exertion led to decreased LF power and 
increased HF power (Cottin et al., 2005, 2006; Physick-Sheard et al., 2010). During high-
speed exercise, the breathing frequency is directly related to the stride frequency. HF 
power in turn is affected by respiratory frequency and thus increases with high speed 
exercise (gallop) (Cottin et al., 2006; Physick-Sheard et al., 2010). Hence, HRV analysis 
assessment of autonomous system activity is not suitable for intensive physical exertion 
and respiratory gait entrainment (Physick-Sheard et al., 2010). For low exercise intensities 
HRV analysis seems to be a possible measure provided that electrode movement artifact 
can be eliminated (Marr and Bowen, 2010). In the long term, training increased LF power 
and LF/HF ratio (Kuwahara et al., 1999; Hada et al., 2006), meaning relative sympathetic 
predominance under resting conditions. 
Porges (1995) showed suppressed parasympathetic activity during autonomic and 
behavioural responses to stress which can be a reason for a differentiate response between 
individuals on challenging situations. These differences could reflect differences in 
temperament (Visser et al., 2002). Visser et al. (2002) conducted novel object test and a 
handling test meanwhile measuring heart rate. In both tests and at all ages, horses showed a 
significant increase in the mean HR and decrease in HRV measures, which suggests a 
marked shift of the balance of the autonomic nervous system towards a sympathetic 
dominance. In the novel object test, this shift was more pronounced in horses that had not 
been trained. Furthermore, statistical analysis showed that the increase in the mean HR 
could not be entirely explained by the physical activity. The additional increase in HR, the 
nonmotor HR, was more pronounced in the untrained horses compared to the trained. 
Hence, it is suggested that this nonmotor HR might be due to the level of emotionality. HR 
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variables showed consistency with age, as well as within the second year. These tests bring 
about a HR response in horses, part of which may indicate a higher level of emotionality; 
and horses show individual consistency of these HR variables over ages. Therefore, it was 
concluded that mean HR and HRV measures used with these tests quantify certain aspects 
of a horse’s temperament (Visser et al., 2002). 
2.3.4 Anatomical characteristics 
2.3.4.1 Head and body anatomical characteristics 
The assessment of horse personality based on anatomical parameters is an ancient method, 
most likely the oldest one. It is traditional in cultures in which horses are greatly 
appreciated as individuals. Bedouins give great importance to body whorls on a horse 
(Tellington-Jones and Taylor, 2009). A whorl, also called a swirl, crown, cowlick or 
trichoglyph is where the hair grows in the opposite direction from the hair surrounding it. 
The Bedouins believe that a whorl on just one side of horse body brings misfortune and 
horses with whorls high on the neck are undesirable. A long whorl on the chest is also 
considered as bad luck. Horses with such characteristic are considered to be unpredictable 
and uncontrollable (Tellington-Jones and Taylor, 2009). However, this are only anecdotal 
beliefs, while no scientific study has ever been conducted to find a valid approach to test 
the correlation between anatomical parameters and the personality of a horse. Studies on 
cattle (Grandin et al., 1995; Randle, 1998; Lanier et al., 2001; Olmos and Turner, 2008) 
and horses (Górecka et al., 2007; Murphy and Arkins, 2008; Randle et al., 2003; Sereda et 
al., 2015) support the relationship between the head whorls and animal personality. Other 
studies on cocker spaniels ( Pullig, 1950) and Konik horses (Górecka et al., 2007) showed 
that whorl position is heritable. 
Subjective evaluation of anatomical characteristics and movements of horses is still 
significantly present for the purpose of breeding and scoring horses. Recently, a study was 
conducted by Druml et al. (2015), in which scientists tried the use of novel phenotyping 
methods for validation of equine conformation scoring results on 44 Lipizzan mares. The 
results were promising and scientists believe that this kind of evaluation can assist in trait 
definition and the evaluating of ratings. They also believe that it provides adequate 
biological and objective scale to human perception of conformation (Druml et al., 2015). 
Tellington-Jones and Taylor (2009) described different characteristics of a horse body and 
linked them to specific horse personality characteristics (more detailed information’s can 
be found in Annex B). Terms used in the book are not consistently defined in any objective 
way and their specific meanings cannot, therefore, be validated. The authors presented 
different pictures of a horse body, including a horse head, with descriptions related to the 
personality. These descriptions are in a greater part based on individual experiences with 
horses and are thus very subjective. 
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Skull shape or the ratio of skull width to length (cephalic index) is another field of research 
when it comes to researching the correlations between anatomy and personality. It is 
believed that skull shape can influence brain morphology and consequently specific 
behaviours (Merkies and McGreevy, 2015). The link has been studied and proven in dogs 
(McGreevy et al., 2013; Stone et al., 2016) while on horses, the only preliminary study 
made on fourteen horse skulls didn’t show any significant correlations (Merkies and 
McGreevy, 2015). 
2.3.4.2 Body type and laterality 
In his book Atlas of Men: A guide for somatotyping the adult male at all ages 1954, an 
American psychologist William Herbert Sheldon presented the idea of categorisation of all 
possible human body types into three groups or somatotypes, each having certain 
personality characteristic (Figure 6). He claimed that an endomorphic person (round, 
usually short and soft with under-developed muscles and having difficulty losing weight) 
tends to be viscerotonic, enjoying food, people and affection, having slow reactions and 
being disposed to complacency while a mesomorphic (characterized as hard, rugged, 
triangular, athletically built with well developed muscles, thick skin and good posture) 
tends to be inclined towards physical adventure and risk taking, vigorous, courageous, 
assertive, direct and dominant and at the same time. An ectomorphic person (linear, thin, 
usually tall, fragile, lightly muscled, flat chested and delicate) was characterized as as 
cerebrotonic (intellectual), inclined to desire isolation, solitude and concealment, also 
being tense, anxious, restrained in posture and movement, introverted and secretive 
(Roeckelein, 1998; Kamlesh, 2011).  
The relationship between different body size or shape and personality has been proven in 
different domesticated species. According to Grandin and Deesing (2014) the most 
excitable (more reactive to sudden novelty) pigs and cattle have long slender bodies (thin 
back fat) and fine bones. Furthermore, pigs and cattle with large bulging muscles often 
Figure 5: Examples of different somatotypes according to Sheldon’s theory (Wikipedia, 2017). 
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have calmer temperaments compared to lean animals with less muscle. This idea is 
supported by Holl et al. (2010), who found that leaner pigs were more agitated on a weigh 
scale. Lanier and Grandin (2002) found that beef steers with thicker, wider cannon bones 
exited a squeeze chute slowlier than steers with thinner bones. Sows of Chinese pigs have 
an abundance of fat and bear many offspring. These animals are very placid and non-
reactive, whereas pigs with mutation that is causing porcine stress syndrom are slender, 
have low amounts of fat, and are more reactive (Grandin and Deesing, 2014). Lighter 
breeds of sheep had stronger flocking behavior and larger flight zones when confronted 
with threatening stimuli (Hansen et al., 2001). Krushinski and Haigh (1961) reported that 
slender, narrow-bodied dogs had increased excitability and were more fearful compared to 
“athletic wide-bodied” dogs. Mcgreevy et al. (2013) noted different behaviours that were 
linked with dogs height, body weight or skull shape. To our knowledge, there are no such 
studies for horses. 
Another ascpect that influence personality and is worth mentioning is brain and body 
laterality. According to Corballis (2014), the left part of the brain specializes in language 
and logic, while the right part of the brain specializes in creativity and intuition. These 
asymmetries are widespread among animals (Corballis, 2014) and were also proven in 
horses (Murphy et al., 2005). Handedness and brain asymmetry are inborn and under 
partial genetic control (Corballis, 2014). Studies on horses revealed, that laterality in 
horses affects locomotion (Murphy and Arkins, 2008) as well as emotionality in novel 
situations (Austin and Rogers, 2007; De Boyer Des Roches et al., 2008; Larose et al., 
2006). 
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3 MATERIAL AND METHODS 
3.1 ANIMALS 
For the purpose of our study, 35 Lipizzan horses were investigated from five horse 
facilities in Slovenia: Teaching and Research Center Krumperk (n=5 horses); Pr 'Kolenc 
farm (n=5); breeding house Barbana (n=13); Riding center Janhar (n=7); Biotechnical 
center Naklo (n=3) and one small private facility (n=2). The horses were five years old or 
older, they were ridden (trained to a saddle, performed changes in direction and speed 
under command by using classical, and/or traditional English style riding principles) and 
healthy. The age criterion was breed related as the head of a five-year-old Lipizzan horse 
matures to fully-grown size at this age and thus it does not change significantly over the 
next years. If a horse was ridden, that meant that a person was working with the horse 
intensively and that this person was familiar with a specific horse. The horses needed to be 
healthy, becouse the physiological characteristics and the expression of a horse in pain or 
ill change and may not be suitable for comparative analysis.  
3.2 DATA COLLECTION 
Different measurements were collected (Figure 7). Physiological measures (HR and HRV, 
internal body temperature) were first taken during rest while horses were stalled in an 
individual box, which was their familiar environment. They were loose in the box and 
without halters. These physiological measurements were repeated for five consecutive 
days. Behavioural tests followed (the umbrella test, the target training test and the bag 
test). During the tests, the horses’ HR was also monitored. Next, we took anatomical 
measurements (head and body). Anatomical characteristics were gathered while a horse 
was on a flat surface. Measurements with a sartorial meter were done twice in two days. In 
addition, the questionnaires were sent to the owners/trainers of individual horses (Figure 
7).  
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Figure 6: Schematic representation of the experimental design. 
3.2.1 Physiological measurements 
Heart rate (HR) and its variability (HRV) during rest and during behavioural tests were 
recorded using Equine H7 heart rate sensor electrode base set and a receiver Polar V800 
heart rate monitor (Helsinki, Finland). The Equine H7 heart rate sensor electrode base set 
consisted of two electrodes that detected depolarization of heart muscle fibers on the skin 
surface of the horse from which heart rate was calculated. Contact electrodes were attached 
to anon-standard elastic belt, made for the purpose, and electrodes were placed to correct 
positions on a horse girth area (Figure 8). The positive electrode was positioned near the 
withers on the left side while the negative electrode was located near sternum. A pocket 
placed on the left side protected the heart rate sensor from shocks and scratches, as well as 
from falling off the belt. The contact between the rubber electrode areas and the horse’s 
skin was optimized by using contact gel on the electrode areas. Additionally, we placed a 
piece of furnishing foam beneath the electrodes and the elastic belt.  
Prior to testing, we let the horses get used to an elastic belt for 10 minutes. The HR and 
HRV were recorded for the duration of about 60 min (from 45 min to 90 min), since it was 
crucial to have adequate measurements of RR-intervals as the validity of HRV 
interpretation depends on it. The measurements were taken between 5:30 and 12:00, before 
the horses started with work or training, or from 18:00 to 20:00 after the horses went to 
rest. While measuring basal HR, owners and personnel were asked not to enter the stable to 
ensure a calm environment for the horses. We also asked owners of the horses to train their 
horses with fairly easy training sessions during the five days when the measurements were 
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taken, as a hard training session the previous day can cause elevated heart rate at rest 
(Heipertz-Hengst, 2002). 
After the testing, the wristwatch receiver with a memory function stored inter-beat 
intervals (IBI) information from the transmitter. The IBI data was downloaded onto Polar 
Flow cloud software and later saved onto a computer. Data analysis was carried out in the 
Polar Flow app and Kubios HRV. The experimenter was involved in the whole process of 
HRV data collection.  
HR data from behavioural tests were analyzed with Polar Flow app, while for resting HR 
data we used program Kubios HRV. The choice to use both programs was necessary 
because Polar Flow app enabled us to analyze only short samples. The bag test, for 
example, was limited to 20 seconds, but in Kubios HRV we could only analyze samples 
that were at least a couple of minutes long. While analyzing data, we also found that Polar 
Flow app filtered errors in the graph, but it did not show where and how many of them. To 
obtain reliable information, we compared the graph from Polar Flow app with raw data in 
the Kubios HRV to make sure that the recorded data did not originate from the errors. 
Analysis of HR at rest was performed in the Kubios HRV program. The most 
representative sample of 14 minutes was analyzed within one-hour recordings (Figure 9). 
Five recordings per each horse were analyzed. After the frequency bands were set to: VLF 
(0−0.04 Hz), LF (0.04−0.13 Hz) and HF (0.13−0.4 Hz), we recorded following 5-day 
average data: SDNN, mean HR, RMSSD, NN50, VLF, LF, HF and LF/HF ratio. 
Figure 7: The correct position of a Polar elastic belt on a Lipizzan horse. 
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Figure 8: Example of a representative 14-minute RR series (colored) in the same horse while the horse was at 
rest, as derived from Kubios HRV program.  
For viewing the HR data collected during the behavioural tests, we opened the HR file in 
the Polar Flow program. Each horse had one HR file in one day that contained information 
from all three tests including a 10-minute resting period. The two samples of resting HR 
file can be seen in Figure 10, where both samples are from the same horse and derived 
from Polar Flow. Vertical lines on the graph represent the beginning and the end of each 
test. Each horse and each trial was analyzed separately. After we marked the beginning and 
the end of each test, we selected one minute within the 10-minute resting time at the 
beginning of the testing to get the most representative sample of resting heart rate prior to 
behavioural testing. Average HR of the 1-minute representative sample was recorded. The 
most representative sample was HR without errors and visible deviations from the 
observed trend of resting HR. In the umbrella and the bag test, we recorded the highest 
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recorded heart rate for each trial and the average highest heart rate for both trials. We also 
added the information whether the HR dropped or increased during behavioural tests. 
 
Figure 9: Example of a common HR graph, from both trials of all three behavioural tests, as derived from 
Polar Flow. 
HR data were classified in the final excel table into 17 columns: Basal_1 (HR for 1 minute 
before the start of the behavioural test at first trial), Basal_2 (HR for 1 minute before the 
start of the behavioural test at second trial), HR_b (average value of Basal_1 and Basal_2), 
um_hr_1 (highest recorded HR in umbrella test in first trial), um_hr_2 (highest recorded 
HR in umbrella test in second trial), Max_umb (highest recorded HR in umbrella test), 
bag_hr_1 (highest recorded HR in bag test in first trial), bag_hr_2 (highest recorded HR in 
bag test in second trial), Max_bag (highest recorded HR in bag test), SDNN_m (mean 
SDNN), MeanHR_m (mean HR), RMSSD_m (mean RMSSD), NN50_m (mean NN50), 
VLF_m (mean VLF), LF_m (mean LF), HF_m (mean HF), LFHF_m (mean LF/HF ratio) 
(von Borell et al., 2007). 
Body temperature was measured rectally with a digital thermometer after HR 
measurements, between 5:40 and 13:00. We used these temperature measurements to 
control the health status, as well as to make correlations with other collected data of an 
individual horse. If the body temperature would exceed 39° C, that horse would not be 
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included in the study that day. The information about internal body temperature 
represented the average 5-day internal body temperature for each horse. 
3.2.2 Behavioural tests 
Three behavioural tests were used in this study: an umbrella test, a target training test and a 
plastic bag test, in the order here presented (Figure 11). Tests were repeated two times with 
two days between trials. The umbrella and the bag tests were used to investigate the level 
of fear responses. Two umbrellas represented a novel visual stimulus that did not include 
moving while a bag represented a novel visual and an auditory stimulus that included 
moving and was as such most likely perceived as a more intimidating. The target training 
test was conducted to evaluate the learning ability of the horses. Prior to testing, the horses 
rested for 10 minutes before an unfamiliar handler led the horse using 7 m long leading 
rope (lunging rope) to the beginning line (Figure 12) of the testing field. The behaviour of 
horses was recorded using a video camera (Canon XA20, frame rate: 50 fps, frame size: 
1920 x 1080). Each horse had a maximum of 5 minutes to complete the umbrella and the 
target training test challenge while the bag test was limited to 20 seconds (Figure 11). After 
the completion of the first and second test, the handler led the horse back to the beginning 
line where it rested (while handler was holding the horse) until the testing field was 
equipped for the next test. After completing the bag test, the horse was lead to the stable. 
 
Figure 10: Schematic overview of the application of the behavioural tests used in our study. 
The behavioural tests were conducted inside a testing field (15 m x 6 m), which was 
located in the available enclosed area around a horse facility. We tested the horses in the 
following locations: indoor arena, outdoor riding arena or enclosed pasture. The testing 
field was defined with four orange cones at each corner and a dark blue rope connected the 
four cones. Inside the testing field, there was a 3 m-long light brown rope that run parallel 
to the beginning line. The distance between the beginning line and the brown rope was 10 
m, from end line to the rope there was a 5 m distance and from side boundaries of the 
testing field to the end of the rope a 1.5 m distance. When the umbrella test began, an 
assistant positioned the umbrellas at each end of the brown rope. In the target training test 
the center of brown rope indicated position of handler, holding ball on the stick and in the 
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bag test, the brown rope indicated the position of horses’ front feet and position of the 
handler’s feet (Figure 12). 
In the umbrella test, two assistants positioned two identical colorful umbrellas so that they 
formed a passage through which the handler led the horse. One of the assistants controlled 
the video camera and recorded information (time, when test started, time, when horse 
stepped past the beginning line and time, when the horse stepped past the end line) that 
were given by the other assistant. A handler was a person who led the horse toward the 
umbrellas. The time when the horse’s first front leg crossed beginning line (beginning 
time) was recorded. As long as a horse was walking, the leading rope was relaxed. If a 
horse did not want to pass the umbrellas, the handler continued to walk until the lead rope 
was slightly tense and only about 1 m of rope was left in the handler's hands. If the horse 
moved forward, the tension eased. The test ended when its last hind leg crossed the end 
line. When this happened, the time was recorded. The horse was led back to the beginning 
line (Figure 12), while the assistants closed the umbrellas and moved away from the field. 
On Figure 12 pictures represent same testing field but for a clearer view tests are presented 
separately. 
For the target training test, the handler took 5 carrot cubes (1 cm x 1 cm) in one hand and 
led the horse to the center of the brown rope that indicated the right position of the test. 
There, the handler picked up the stick with the yellow ball that was prepared by the 
assistant prior to the test. The camera was moved from the corner of the testing field in a 
way that the handler and the horse’s left or right side of the whole body were clearly 
visible (Figure 12). The handler lead the horse to the testing area and placed him 
approximately 1 m from the brown rope, while placing the ball in front of the horse's 
muzzle and waited for the horse to touch the ball for the first time (horse had to solve a 
problem to reach positive reinforce). As soon as it successfully touched the ball, it was 
offered a carrot cube. The time of the first touch was recorded. From the first touch on, the 
Figure 11: Layout of accessories and position of horse and handler in behavioural tests. 
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horses had the maximum time of 5 minutes to complete the test. The ball was again 
presented to the horse in front of the muzzle and when it touched it, it received a carrot. 
After the third touch in a row, the assistant moved the yellow ball to the side of its head 
and the horse received the remaining carrots, which concluded the test. The time needed to 
complete the task was recorded and the horse was lead back to the beginning line. The 
camera was returned to the corner. 
The second assistant took the whip with a plastic bag and placed himself on the center of 
the end line while hiding the whip behind his back. The handler led the horse to the center 
of the brown rope and placed the horse so that it faced the assistant. The moment the horse 
was positioned and stood still, the assistant started swinging the whip. The test ended after 
20 seconds of exposure to the plastic bag movement. The handler limited the horse’s 
movement only when it tried to turn away or barged into a handler. Other than that, the 
horse was allowed to move within 7 m (the length of the lead rope). 
Videos from the behavioural tests were saved onto a computer and analyzed according to 
the predetermined ethogram summarized in Table 1 using VLC media player program. 
Behavioural latencies in the umbrella and the target training test were also recorded and 
presented in Table 1. Every five-minute recording session was divided into 1 s sample 
intervals and the sum of a particular behaviour was calculated. Scan sampling every second 
was used to record whether an individual performed a particular behaviour.  
Table 1: Behaviours recorded during the behavioural tests and their definitions. 




Walk D Movement forward in the slowest (four beat) of the mammalian quadrupedal gaits. 
Trot D 
Movement forward in a two-beat gait, in which diagonally paired feet touch and lift 
simultaneously. 
Gallop D Fast four beat gaits (Strand et al., 2002) 
Jump D 
With mostly hind leg propulsion, moving forward with the forelegs leaving the ground first 
followed by the hind legs. Jumping can be vertical to clear high obstacles or broad to span 
ditches or small streams. 
Nervous 
movements D 
Any individual movement in each direction of any of the four legs that did not have a 
pattern. 
Still D The horse has all four hooves on the ground and not moving any of them. 
Backward  D Movement backward in slower or faster four beat gaits. 
b) Activity and interaction 
SniffF With nose near object of interest, draw air in through nostrils. 
MouthF Manipulate with open mouth, as if to gain touch or taste. 
TouchF 
Stretched neck while moving muzzle closer to the object so that the muzzle and object are 
touching each other 
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Loud, prolonged call, typically of 1 to 3 seconds, beginning high pitched and ending lower 
pitched. 
InactiveD Standing inactive in a relaxed posture. 
RubbingF Closed jaw, up and down movements with upper lip, without any contact with the teeth. 
PawF 
With an object as an apparent target, a foreleg is lifted off the ground slightly, extended 
quickly in a forward direction, and followed by a backward, toe-dragging movement as if 
digging. 
TwitchingF 
Horse stands still with all four legs firmly on the ground while the skin on horses’ body 
twitches.  




Rigid stance with the neck elevated and the head oriented toward the object or animal of 
focus. The ears are held stiffly upright and forward, and the nostrils may be slightly dilated. 
Curious D 
Stretched neck with movement, eyes and ears faced towards object of interest. Base of the 
tail is raised above back line, wrinkled lips and movements of nostrils can be seen when 
sniffing the object. 
Upset / angryD 
Neck is stretched with ears pressed caudally against the head and neck. Eyes are tensed and 
slightly closed, lips are wrinkled. Intensive tail movements and stomping (raising and 
lowering of a foreleg to strike the ground sharply) can be evident. 
AfraidD 
Rigid stance with the neck elevated and the head oriented toward the object Head is high 
and the neck is tense. Ears are changing direction if the direction of the sound is not clear. 
Eyes are wide open and white behind the ayes is visible. Tail is between the legs and the last 
stage is avoidance or retreat. 
RelaxedD 
Head is in the whiter line and ears are independently changing direction. Ayes are open, but 
not focused. Weight of the body is on three legs.   
SubordinateD Head is low with ears hanging freely at the side of the head. Eyes are open tail is inactive.  
DistrustfulD 
Head is high with tense neck and ears moving backward and forward.  Focus of the head and 
eyes varies from the point of interest and away from it.  Tail is inactive while horse can balk. 
RestingD 
Standing inactive in a relaxed posture, with head slightly lowered, eyes partly or nearly 
closed, and often bearing weight on three legs (one hind leg slightly flexed). With deeper 
drowsiness (transition between wakefulness and sleep), the lips relax and the ears rotate 





First trial of target training test 
Second trial of target training test 
Both trials of target training test - average time 




First three successful touches of the ball in first trial test 
Second three successful touches of the ball in first trial of test 
First three successful touches of the ball in second trial of test 
Second three successful touches of the ball in second trial of test 
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3.2.3 Anatomical measurements 
The most important feature on the horse’s head was the facial crest, which is running along 
each side of the horse’s head or skull, parallel to the bridge of the nose. The lower end of 
this ridge, also known as the facial tubercle, served as a useful reference point for 
determining the same specific location in different horses. 
The head anatomical characteristics of the horse were assessed using three different 
approaches. The first approach involved taking set of head pictures (resolution: 300 of 
pixels per inch) with camera Nikon D90 (12.3 - megapixel digital single-lens reflex 
camera) where horses’ front and left head profile pictures were collected according to the 
instructions given by Tellington Jones and Taylor (2009). A professional photographer, 
standing 5 m from the horses’ head, took 5 to 10 pictures from which the clearest picture of 
the front profile and picture that most clearly showed the left half of the horse's head (left 
profile) were selected. Interpretation of pictures was done by following descriptions from 
the book of Tellington Jones and Taylor (2009) (Annex B).  
In the second approach, we wanted to define different characteristics of a horse head less 
subjectively, as described in Tellington Jones and Taylor (2009). Photos were obtained by 
the same procedure as described above with an addition of two rulers (2 cm x 5 cm and 2 
cm x 10 cm, printed on self-adhesive white paper) onto the horses’ front and left profile as 
shown on Figure 13 and 14a. The rulers were drawn in a professional designer program 
and consisted of white and black exchangeable squares, each represented a unit of 1 cm x 1 
cm. The chosen dimensions of the rulers were based on our pre-test, where different sizes 
of rulers were tested and the ones chosen were the most visible, easy to use and did not 
interfere with anatomical characteristics of the horses’ head. A smaller ruler was attached 
to the front view of the horse's head, on the line of a lower end of the facial crest Figure 14. 
The larger ruler was attached in the center of the left cheek, 2 cm below the facial crest 
line. Picture (a) on Figure 14 represent smaller ruller attached on the horse head and 
digitalized landmarks from tpsDig232 program. Picture (b) represents individual 
Figure 12: Measurements on horses' head and body where each line represent one measurement.  
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measurements. Pictures from this approach were used to measure distances on the horse’s 
head using a computer program (Figure 14b). We tried to define as many characteristics 
described in Tellington Jones and Taylor (2009) as possible and also add other measurable 
characteristics that could be clearly defined (based on general rules and guidelines of 
Geometric morphometric according to Zelditch et al. (2012)). All pictures were saved onto 
a computer and the tpsDig232 program was used to digitize landmark locations. The output 
was a TPS file format, which was further analyzed with the CoordGen8 software. Knowing 
that the ruler on the horse's head consisted out of 1 cm x 1 cm square blocks, it was 
possible to measure anatomical characteristics in a less subjective manner. As previously 
mentioned, in the process of digitizing landmarks, there are some general rules and 
guidelines that were encountered and common when working with Geometric 
morphometric. One of them is that every landmark should be placed on a place that can be 
described in detail and is clearly visible. After reviewing all the pictures, we decided to 
continue with the front profile of the horses’ heads, where the landmarks can be placed in 
the same anatomical place by following head bone structure or visible structures on the 
head and the position could be defined in detail. The 88 distances and ankles extracted with 
CoordGen8 program were converted to cm (Figure 14b).  
The third approach of determing head anatomical characteristics took place by measuring 
distances with a sartorial meter in the field. Again, the chosen head distances and 
measurements were applied to define head characteristics less subjectively, as described in 
Tellington Jones and Taylor (2009). 19 head measurements were gathered on the horses’ 
left or front sides of the head, and two head scopes measurements (measurement 15 and 
17) were measured as presented on Figure 13 where each line represented a single 
measurement.  
Figure 13: Measurements of anatomical features on horses head, measured with CoordGen8 program. 
(a)                                (b) 
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In adition to head measurements, the sartorial meter was used to collect 32 body 
measurements on the horses' left or front sides of the body (with the exception of scopes) 
(presented on Figure 13) for later comparison if a horse's constitution can predict one’s 
behavior. Measuring process required two persons: the one being responsible for 
measuring the distances, the other for recording the measured measurements. Horses were 
measured on the location where they were stabled.  
It is important to highlight that distances measured, using the program, represent a straight 
line between two points while measurement, taken with sartorial meter, represent the 
curve, which is influenced by bone and muscle shape.  
3.2.4 Questionnaire for horse trainers/owners 
A paper-and-pencil questionnaire was used for horse trainers/owners. They received a list 
of 30 adjectives with a number scale from 1 to 7. The questionnaire was filled out by 
marking the appropriate number based on adjective list of definitions (Annex C). The value 
of 1 meant complete absence of a specific behaviour, the value of 7 meant full expression 
of it, while number 4 represented the mean value.  
3.3 STATISTICAL ANALYSIS 
We constructed two tables based on behavioural data. The first table contained detailed 
dataset (DD) where we kept the values from the observed behaviours separately for first 
and second trial of behavioural tests (Annex D). The second table contained basic dataset 
(BD) where we reduced the amount of data from DD by joining the sum values of the two 
behavioural test trials and selected important information so that the BD dataset included 
following data:  
- Target training test: the time each horse needed to finish first, second and both trials of 
the target training test, the time each horse needed for the first and second three 
successful touches of the ball in the first and also in the second trial of the target 
training test, the proportion of total time in which the horse was investigating (was 
attentive and/or curious), 
- Umbrella test: the time each horse needed to finish both umbrella tests, the total time 
while the horse was trotting, galloping, jumping and/or moving nervously, standing 
still and/or moving backward, attentive and/or curious, subordinated and/or distrustful, 
- Bag test: the proportion of time in which the horse was jumping, trotting, galloping 
and/or moving nervously, standing still and/or moving backward, attentive and/or 
curious, subordinated and/or distrustful 
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Behavioural reactions that indicated the same trait were combined into four variables and 
analysed together, 1) jumping, trot, gallop and moving nervously, 2) standing still and 
walking backward, 3) subordinated and distrustful state, and 4) attentive and curious state 
(Table 1). In order to find the more appropriate dataset, we performed principal 
component analysis (PCA) and Spearman correlation coefficient on both detailed and 
basic datasets. 
PCA is a statistical method commonly used for data dimensionality reduction (Jolliffe, 
2002). It uses a transformation of the characteristic space to obtain a set of linearly 
uncorrelated variables called the principal components (PCs), which form an orthogonal 
basis of the data space. The transformation aligns the PCs in such a way that the first PC 
accounts for the largest possible amount of variance in the data and each succeeding PC 
does the same under the constraint that it is orthogonal to all preceding components. This 
can roughly be interpreted as how much information is contained in that component. This 
allows us to measure the dimensionality of the data by observing the cumulative amount of 
variance covered by the same number of PCs in both datasets. If DD had contained more 
information than BD, a significantly larger number of PCs would be necessary to encode it. 
The graphs of cumulative covered variance for our datasets are presented in Figure 15.  
 
Figure 14: Results of PCA analysis of basic dataset (a) and detailed dataset (b). 
Cumulative variance in BD with 13 dimensions explained 99.7% of the variance while 
detailed dataset at same number of dimensions explained 85.4% variance. All additional 
dimensions contributed only 14.1% of the variance. This part of the variance was likely the 
noise introduced by the (quite numerous) additional measurements, thus it seems 
a      b 
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reasonable to conclude that the detailed measurements do not contain significantly more 
information than the basic ones. 
The performed PCA test only compares the dimensionality of the data. The two datasets 
could contain different information in the same number of dimensions. To examine this, 
we applied Spearman correlation coefficient and looked at the connections between BD 
and DD characteristics. Spearman correlation is a nonparametric measure of rank 
correlation, signifying how monotonic the relationship between two variables is. It ranges 
from -1 to 1, where -1 means that if we ordered the examples according to the first 
variable, the order would be exactly the reverse of that if we used the second variable for 
ordering. Value 1 means the orders would be the same. Any deviation of coefficient value 
from 0 means that one variable can offer part of the same information as the other one. 
Therefore, we were primarily interested in the absolute values (i.e. deviations from 0) of 
the coefficient.  
The absolute coefficient values are presented in the grid in Figure 16, which shows 
pairwise absolute correlation coefficient values. Since correlation is independent of the 
order of variables, the grid is diagonally symmetric. The first 17 behavioural characteristics 
derived from the behavioural tests are from BD, the rest are from DD. We can see that 
most of the DD values have high correlation with values from BD. This is evident from the 
dark stripes in rows 0-17 and from column 18 on. The darker colour in the grid denotes 
stronger correlation (either positive or negative) and the first 17 rows correspond to the 
basic behavioural characteristics. This confirms further that the additional detailed 
behavioural characteristics from behavioural tests, used in DD did not add additional 
information about the horses’ behaviour not already captured by the basic behavioural 
characteristics in BD. Based on these results, we can conclude that the most appropriate 
dataset for further analysis is BD and that more detailed characteristics from DD only 
contribute a negligible amount of additional behavioural information.  
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Figure 15: Spearman correlation coefficient absolute values for basic and detailed dataset.  
To reveal individual differences in behavioural characteristics in horses, BD data were 
used for segmentation of the horses into groups by standard clustering methodology. The 
K-means algorithm (MacQueen, 1967) was applied and Euclidean distance was used as 
distance measure. The k-means algorithm partitions the data into k clusters by iteratively 
improving the most likely centroids of the clusters. These are representative examples 
which have the values of characteristics that are the average over their cluster. In each 
iteration, the method determines which data points are closest to which current centroids. 
New centroids are then computed by averaging characteristics in each cluster. The 
procedure stops when there are no more changes between iterations. We used the 
implementation that is part of the Orange software package (version 2.7). To perform the 
k-means algorithm we needed a way of determining the distance between data points – i.e. 
individual horses represented by vectors of their characteristics. This distance measure is 
interpreted as dissimilarity between horses based on the observed characteristics. The 
larger the distance value for two horses, the more the horses differ in their characteristics. 
The measure of distance we decided to use is the standard Euclidean distance computed by 
the Pythagorean formula (1). 
𝑑(𝑎, 𝑏) =  √(𝑎1 − 𝑏1)2 + (𝑎2 − 𝑏2)2 + ⋯ +  (𝑎𝑛 − 𝑏𝑛)2     …(1) 
Since we needed to specify k for the k-means algorithm, we used a way of selecting a 
reasonable value for k. We observed two measures for evaluation of clusterings: 
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 Between cluster distance - This is the sum of distances between cluster centroids. 
Since we want the clusters to be as far apart as possible (so that they are better 
split), higher values are better. 
 Silhouette score – This measure is more complicated and takes into account both 
how far the clusters are apart, as well as how dense they are. It estimates this by 
observing the average distances between points within a cluster and the distances to 
closest points from other clusters. Larger values mean better clustering. 
We tested the algorithm for the examples of grouping horses into 2, 3, 4 and 5 groups. To 
assess quality of segmentations the silhouette score (Rousseeuw, 1987) and between 
cluster distance was computed. Each of the groups had the corresponding average value for 
each observed characteristic. In order to identify the differences in which characteristics 
between the clusters were statistically significant, we used the standard Student T-test for 
the analysis of clusters into two groups and the ANOVA test for those into four groups. 
The Student T-test checks the null hypothesis that the means of two populations are the 
same. Small p-values signify that this hypothesis was rejected and the populations differ 
significantly. Similarly, in ANOVA (also known as the F-test) the hypothesis that all the 
populations in the test have the same mean (more accurately, that they all come from the 
same normal distribution). Small p-values signify that not all populations in the test have 
the same mean and at least one is significantly different.  
ANOVA does not tell which of the four clusters differs from the other. However, using the 
T-test between pairs of clusters directly is prone to false positives. This means that we are 
likely to find some seemingly significant differences simply by accident, since we conduct 
more tests. To avoid this problem and gain further insight into the differences between 
clusters we used the Bonferroni correction for the pairwise T-tests. The Bonferroni 
correction is one of the approaches to controlling the family-wise error rate (Hochberg and 
Tamhane, 1987). Approximately, it states that if we perform m comparisons, the cut-off 𝛼 
value for the p-values needs to be m-times smaller. In our case, we performed 6 
comparisons, all unique pairs between four clusters, and by applying  𝛼5 = 0.05 we 
needed to correct value of 𝛼5
′ = 0.05/6 = 0.0083̅. The correction lends greater confidence 
to the computed results and removes the suspicion of false positives. After we established 
that the horses, based on their (basic) behavioural measurements could be divided into four 
distinct groups, we investigated if there were any differences in the observed behaviours, 
as a result of different sex of tested animals, by using Pearson’s chi-squared test.  
Further on, we investigated if we could get the same or a better division using the 
Tellington-Jones and Taylor (TJ) method or the questionnaires (Q). That is, that we can get 
groups using TJ or Q values alone which differ in behaviour even more than the groups we 
got using clustering on behavioural data in BD. Since we have all three types of values 
(basic behavioural measurements, Tellington-Jones and Taylor and questionnaires results) 
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and for all the horses in the study, we were able to compare how the horses got clustered 
using just one type. To assess this, we used two steps. In the first step, we divided all of the 
horses into 4 groups based on the TJ values and Q values using the same methodology (k-
means). Having identified which horses belonged to which groups in the next step, we 
investigated if those groups differed according to test results and to obtain that information 
we analyzed behavioural data in BD and used Pearson’s chi-squared test. The test assessed 
whether two categorical variables, in our case the cluster ids, were independent from each 
other. The results did not show a dependence between the clusters, which meant the groups 
are different. We still needed to check how well the groups of horses obtained using TJ and 
Q values differ in behavior. We compared the groups using the ANOVA test on the 
behavioural characteristics of the horses in them.  
We examined the individual connection between anatomical and physiological 
measurements of the horse’s body and its behaviour. The anatomical measurements 
collected for each horse were head measurements (including field and program 
measurements) and body measurements. Physiological measurements included the mean 
body temperature, the heart rate variability at rest and the basal heart rate (i.e. before 
behavioural testing and in rest). At this point, we had two options: (1) to calculate 
coefficient of correlation and (2) to calculate coefficient of determination. The correlation 
coefficient indicates how similarly two variables are moving. The value 1 means that they 
move exactly the same (if one increases / decreases, so does the other one), the value -1 
means that they move on the contrary (whenever one increases the other decreases and vice 
versa), the value 0 indicates, that values are not linked. The coefficient of determination 
indicates what percentage of the movement of one variable (more precisely, the variance) 
can be explained by the other variable, and the values range between 0 and 1. If the 
variables are well correlated, the proportion of the variance explained by each will be 
higher. Since we were interested in how well we could predict a horse’s behavior from the 
body measurements, we took the coefficient of determination because it better explained 
the connection. Thus, we computed the coefficient of determination (R2) between these 
anatomical, physiological characteristics and behavioural characteristics from BD and HR 
responses in behavioural tests for all the horses and for each of the groups separately. The 
coefficient of determination gives information about what proportion of variance in the 
dependent variable (i.e. a behavioural characteristic) can be explained by the independent 
variable (i.e. an anatomical characteristic). This tells us how much predictive value the 
anatomical measurements have over behavioural observations. A higher value indicates 
that some anatomical measurement was indicative of the behaviour measured.  
In all 5 tables (all horses together and groups C1, C2, C3 and C4 separately) with 
coefficient of determination (R2) values, we only focused on the highest numbers. The 
limit of which the numbers were accepted was dependent on the highest value in the table. 
If the highest value in the table was above 0.3, we set the limit and removed all numbers 
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lower than 0.3 (all horses together). If the highest value was above 0.8, we removed all 
numbers lower than 0.8 (groups C1, C3 and C4); also if the highest number was above 0.9, 
we removed all numbers that were less than 0.9. In case that we still had more than 10 
highest numbers, we increased criterion for 0.05 (group C2). So, we identified some of the 
connections between measurements and behaviours in horses but the type of connection 
(direct or inverse) was still unknown. To obtain this last information, we calculated 
Pearson correlation coefficient between anatomical and physiological measurements of the 
horse’s body and its behaviour. Positive Pearson correlation coefficient meant that the 
connection between measurement and behavioural measurement is positive (if one will 
increase/decrease so will the other) while negative Pearson correlation coefficient value 
indicates inverse connection (if one will increase, the other will decrease and vice versa). 
Debeljak N. The correlation between some physiological and anatomical ... in Lipizzan horses. 




4.1 FORMATION OF CLUSTERS BASED ON BEHAVIOURAL RESPONSES  
After conducting cluster analysis based on the basic behaviour data, animals were clustered 
into two, three, four or five groups (Table 2). Based on the highest values of silhouette 
score and between cluster distance values, the division into two or four groups of horses 
gave us the best cluster results.  
Table 2: A silhouette score and between cluster distance values for segmentation of horses into two, three, 
four and five groups. 
Number of 
groups 
Silhouette score Between cluster distance 
2 0,1124 42,7 
3 -0,0 42,1 
4 0,148 37,3 
5 0,0927 38,2 
Looking at the distribution into two groups, we had 27 horses (77.1%) in one group (C1) 
with 12 mares, 14 geldings and one stallion and eight horses (22.9%) in the other group 
(C2) with five mares and three geldings (Figure 17 and Table 3). In the segmentation into 
four groups, we had 10 horses (28.6%) with five mares and five geldings in the first group 
(C1), six horses (17.1%) with three mares and three geldings in the second group (C2), 
eight horses (22.9%) with three mares and five geldings in the third group (C3), and 11 
horses (31.4%) with six mares, four geldings and one stallion in the forth group (C4). 
Detailed information about distribution of horses into different groups can be found in 
Annex E. 
For a particular behaviour, each of the groups had the corresponding average value (Table 
3). In the segmentation into four groups, 11 significant differences were found. Six of them 
were found in the target training test, two in the umbrella test and three in the bag test. 
Finding more significant differences in the behaviour of the horses that were distributed 
into four groups, we decided to use this segmentation for further analysis. In the target 
training test (Table 4), the horses from the C2 group needed the longest time to 
successfully complete the second trial of the test and they also took longer to touch the 
yellow ball three times (without receiving carrot) in the first trial compared to the horses in 
the C3 group. The horses from the C2 group were also slower to perform the first three ball 
touches (while receiving carrot) in the second trial compared to the horses from the C4 or 
the C1 group. In the umbrella test (Table 5), the horses from the C4 group were less 
attentive and/or curious and more subordinated and/or distrustful than the horses from the 
C1 or the C3 group. In the bag test (Table 6), the horses from the C3 group spent the 
longest time trotting, galloping, jumping and/or moving nervously and consequently they 
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spent the least time performing standing still and/or moving backward than any other 
group of horses. The horses from the C1 group spent longer time performing standing still 
and/or moving backward than the horses from the C2 and were more subordinated and/or 
distrustful than the horses from the group C3. So, in the C2 group there were horses, which 
had lowest ability to learn, in C3 the least fearful and in C4 the most fearful horses and in 
C1 there were horses, that did not stand out in any of the tests.  
 
G = geldings, S = stallion, M = mares. 
Figure 16:  Distribution of horses into four groups based on the basic dataset obtained in the behavioural tests 
when using standard clustering methodology.  
Sex differences in the behavioural responses were also investigated using four group 
segmentation, but no differences were found (Chi2 = 3.13; P - value = 0.79).  
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Table 3: Calculated average values (AV), standard deviation (SD), F-values and P-values for four groups of horses (C1 – C4), derived from basic behavioural data 
in the behavioural tests. 
Basic dataset behaviors and variables 
C1 (N=10) C2 (N=6) C3 (N=8) C4 (N=11) 
F-value P-value* 
























Time needed to finish the test (for the) first 
time l 
61.00 87.28 132.00 103.01 30.00 10.98 36.00 27.67 3.5341 0.0260 
Time needed to finish the test second time l  45.00 29.72 238.00 49.74 45.00 20.64 32.00 21.34 72.5455 < 0.001 
Time needed for first three successful 
touches of the ball in the first trial l 
44.00 90.02 89.00 111.86 16.00 8.01 20.00 12.29 1.7268 0.1819 
Time needed for second three successful 
touches of the ball in the first trial l 
17.00 22.26 43.00 24.12 13.00 7.46 16.00 18.23 3.6239 0.0237 
Time needed for first three successful 
touches of the ball in the second trial l 
26.00 12.10 134.00 111.43 24.00 12.46 17.00 9.20 9.9261 < 0.001 
Time needed for second three successful 
touches of the ball in the second trial l 
19.00 18.74 104.00 120.25 21.00 13.45 15.00 16.77 4.7785 0.0075 

















 l 30.00 5.49 77.00 117.01 52.00 57.13 106.00 105.58 1.6638 0.1951 
Trotting / galloping / jumping / moving 
nervously s 
1.80 3.74 9.52 15.43 8.39 7.85 9.53 9.51 1.5369 0.2246 
Standing still / moving backward s 0.59 1.86 14.63 34.10 6.17 8.66 19.75 24.12 1.8427 0.1600 
Attentive / curious s 56.48 19.23 50.57 31.24 54.57 27.10 20.25 13.71 6.0454 0.0023 







Trotting / galloping / jumping / moving 
nervously s 
8.75 6.26 20.83 13.75 54.96 12.01 20.45 12.93 26.3495 < 0.001 
Standing still / moving backward s 81.25 10.09 60.00 17.68 24.78 16.76 69.32 16.81 21.8400 < 0.001 
Attentive / curious s 2.75 4.63 0.42 1.02 0.63 1.77 7.27 11.86 1.8034 0.1671 
Subordinated / distrustful s 90.00 4.86 82.50 8.80 58.71 19.09 85.91 26.04 5.2520 0.0048 
l Values represent latencies, measured in seconds (s)      *  Bold font highlights where correlations were significant.  
s Values represent percentage (%) of the total testing time  
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Table 4: Pair-wise behavioural results of the horses with statistical significance at 0.05 (p<0.05/6) derived 
from the behavioural data collected in the target training test. 
Behaviours  Variable 1 Variable 2 T-value P-value* P<0.05/6 
Time needed to finish the test 
first timel 
C1 C2 -1.4710 0.1634 FALSE 
C1 C3 1.0107 0.3272 FALSE 
C1 C4 0.8942 0.3824 FALSE 
C2 C3 2.8284 0.0152 FALSE 
C2 C4 2.9591 0.0098 FALSE 
C3 C4 -0.6573 0.5198 FALSE 
Time needed to finish the test 
second timel 
C1 C2 -9.8199 < 0.001 TRUE 
C1 C3 -0.0262 0.9794 FALSE 
C1 C4 1.1014 0.2845 FALSE 
C2 C3 9.9852 < 0.001 TRUE 
C2 C4 12.0577 < 0.001 TRUE 
C3 C4 1.2953 0.2125 FALSE 
Time needed for first three 
successful touches of the ball in 
the first trial l 
C1 C2 -0.8733 0.3972 FALSE 
C1 C3 0.8732 0.3955 FALSE 
C1 C4 0.8719 0.3942 FALSE 
C2 C3 1.8504 0.0890 FALSE 
C2 C4 2.0564 0.0576 FALSE 
C3 C4 -0.8427 0.4111 FALSE 
Time needed for second three 
successful touches of the ball in 
the first trial l 
C1 C2 -2.2313 0.0425 FALSE 
C1 C3 0.4269 0.6752 FALSE 
C1 C4 0.1018 0.9200 FALSE 
C2 C3 3.3455 0.0058 TRUE 
C2 C4 2.6424 0.0185 FALSE 
C3 C4 -0.3823 0.7070 FALSE 
Time needed for first three 
successful touches of the ball in 
the second trial l 
C1 C2 -3.1174 0.0076 TRUE 
C1 C3 0.2580 0.7997 FALSE 
C1 C4 1.8227 0.0841 FALSE 
C2 C3 2.8030 0.0160 FALSE 
C2 C4 3.5541 0.0029 TRUE 
C3 C4 1.4131 0.1757 FALSE 
Time needed for second three 
successful touches of the ball in 
the second trial l 
C1 C2 -2.2386 0.0419 FALSE 
C1 C3 -0.2313 0.8200 FALSE 
C1 C4 0.4964 0.6253 FALSE 
C2 C3 1.9639 0.0731 FALSE 
C2 C4 2.4702 0.0260 FALSE 
C3 C4 0.7878 0.4417 FALSE 
Attentive/curiouss 
C1 C2 0.0034 0.9973 FALSE 
C1 C3 -0.6594 0.5190 FALSE 
C1 C4 -0.7283 0.4753 FALSE 
C2 C3 -0.8430 0.4157 FALSE 
C2 C4 -1.0196 0.3241 FALSE 
C3 C4 0.1437 0.8874 FALSE 
* Bold font highlights where correlations were significant. 
l Values represent latencies, measured in seconds (s)  
s Values represent percentage (%) of the total testing time. 
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Table 5: Pair-wise behavioural results of the horses with statistical significance at 0.05 (P<0.05/6) derived 
from the behavioural data collected in the umbrella test. 
Behaviours  Variable 1 Variable 2 T-value P-value* P<0.05/6 
Average time each horse 
needed to finish the testl 
C1 C2 -1.2981 0.2152 FALSE 
C1 C3 -1.2091 0.2442 FALSE 
C1 C4 -2.2621 0.0356 FALSE 
C2 C3 0.5342 0.6029 FALSE 
C2 C4 -0.5187 0.6115 FALSE 
C3 C4 -1.3074 0.2085 FALSE 
Trotting / galloping / jumping / 
moving nervously s 
C1 C2 -1.5421 0.1453 FALSE 
C1 C3 -2.3553 0.0316 FALSE 
C1 C4 -2.4033 0.0266 FALSE 
C2 C3 0.1803 0.8599 FALSE 
C2 C4 -0.0019 0.9985 FALSE 
C3 C4 -0.2776 0.7847 FALSE 
Standing still / moving 
backwards 
C1 C2 -1.3301 0.2047 FALSE 
C1 C3 -1.9963 0.0632 FALSE 
C1 C4 -2.4991 0.0218 FALSE 
C2 C3 0.6811 0.5088 FALSE 
C2 C4 -0.3625 0.7221 FALSE 
C3 C4 -1.5127 0.1487 FALSE 
Attentive / curious s 
C1 C2 0.4725 0.6439 FALSE 
C1 C3 0.1743 0.8638 FALSE 
C1 C4 5.0077 < 0.001 TRUE 
C2 C3 -0.2566 0.8018 FALSE 
C2 C4 2.8139 0.0131 FALSE 
C3 C4 3.6344 0.0020 TRUE 
Subordinated / distrustful s 
C1 C2 -0.2676 0.7929 FALSE 
C1 C3 -0.4115 0.6861 FALSE 
C1 C4 -3.8889 < 0.001 TRUE 
C2 C3 -0.0392 0.9693 FALSE 
C2 C4 -2.7007 0.0164 FALSE 
C3 C4 -3.4023 0.0034 TRUE 
* Bold font highlights where correlations were significant. 
l Values represent latencies, measured in seconds (s)  
s Values represent percentage (%) of the total testing time. 
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Table 6: The pair-wise behavioural results of the horses, presented in  with statistical significance at 0.05 
(p<0.05/6) derived from the behavioural data collected in the bag test. 
* Bold font highlights where correlations were significant. 
s Values represent percentage (%) of the total testing time.  
4.2 COMPARISON OF THE GROUP SEGMANTATION USING DIFFERENT 
ASSESSMENT METHODS  
In our study, the horses were clustered into four groups using only head characteristics 
based on Tellington-Jones and Taylor descriptions. After reviewing basic dataset times of 
the four groups, we found no correlation between the method used in how to allocate the 
horses into groups (Table 7). Same results can be found for the questionnaire data (Table 
8), although there was one behaviour that tended to allocate the horses into the same 
groups when compared to the behaviour method (P=0.09). It is important to emphasize that 
Behaviours Variable 1 Variable 2 T-valuet P-value* P<0.05/6 
Trotting / galloping / 
jumping /  moving 
nervously s 
C1 C2 -2.4292 0.0292 FALSE 
C1 C3 -10.5575 < 0.001 TRUE 
C1 C4 -2.5943 0.0178 FALSE 
C2 C3 -4.9503 < 0.001 TRUE 
C2 C4 0.0565 0.9557 FALSE 
C3 C4 5.9117 < 0.001 TRUE 
Standing still / moving 
backward s 
C1 C2 3.0930 0.0079 TRUE 
C1 C3 8.8723 < 0.001 TRUE 
C1 C4 1.9460 0.0666 FALSE 
C2 C3 3.8038 0.0025 TRUE 
C2 C4 -1.0734 0.3001 FALSE 
C3 C4 -5.7098 < 0.001 TRUE 
Attentive / curious s 
C1 C2 1.2005 0.2499 FALSE 
C1 C3 1.2221 0.2394 FALSE 
C1 C4 -1.1284 0.2732 FALSE 
C2 C3 -0.2568 0.8017 FALSE 
C2 C4 -1.3929 0.1840 FALSE 
C3 C4 -1.5612 0.1369 FALSE 
Subordinated / 
distrustful s 
C1 C2 2.2185 0.0436 FALSE 
C1 C3 5.0201 < 0.001 TRUE 
C1 C4 0.4881 0.6311 FALSE 
C2 C3 2.8156 0.0156 FALSE 
C2 C4 -0.3073 0.7628 FALSE 
C3 C4 -2.4992 0.0230 FALSE 
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the horses allocated to the groups C1 and C2, C3 and C4 are not identical in the different 
segmentations, but represent different animals. 
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Table 7: Categorisation of horses into four groups (C1 - C4) based on Tellington Jones in Taylor (2009) method, where each group combined horses with 
comparable responses to three behavioural tests and calculated average values (AV), standard deviation (SD), F-values and P-values for behaviours in behavioural 
tests. 
Basic dataset behaviors and variables 
C1 (N=7) C2 (N=11) C3 (N=12) C4 (N=5) 
F-value P-value 
























Time needed to finish the test first time l 100.29 110.90 50.73 31.34 53.83 81.06 27.20 13.01 1.1910 0.3293 
Time needed to finish the test second time 
l  
67.71 85.05 108.82 103.02 44.58 36.55 77.60 93.70 1.2472 0.3095 
Time needed for first three successful 
touches of the ball in the first trial l 
81.29 112.52 20.64 10.98 38.42 76.28 14.60 4.83 1.4025 0.2607 
Time needed for second three successful 
touches of the ball in the first trial l 
19.00 14.98 30.09 28.57 15.42 17.14 12.60 12.01 1.2794 0.2987 
Time needed for first three successful 
touches of the ball in the second trial l 
50.71 76.17 64.36 87.91 23.08 15.22 19.40 12.34 1.1522 0.3437 
Time needed for second three successful 
touches of the ball in the second trial l 
17.00 11.22 44.45 79.29 21.50 23.12 58.20 98.50 0.7629 0.5235 
















T Average time l 28.14 5.34 76.64 106.47 89.42 93.17 46.80 42.06 0.9402 0.4331 
Trotting / galloping / jumping / moving 
nervously s 
4.44 8.74 8.00 12.19 7.12 7.70 8.55 9.75 0.2391 0.8684 
Standing still / moving backward s 0.00 0.00 6.07 11.27 17.92 26.80 15.66 29.21 1.4618 0.2441 
Attentive / curious s 50.19 24.58 36.60 26.89 45.18 26.39 46.28 34.33 0.4043 0.7509 







Trotting / galloping / jumping / moving 
nervously s 
21.07 24.91 21.59 14.20 28.93 22.88 29.00 23.09 0.3798 0.7682 
Standing still / moving backward s 62.50 33.54 64.55 16.65 59.02 26.51 55.50 35.46 0.1634 0.9202 
Attentive / curious s 1.07 2.83 3.86 5.74 1.25 2.50 10.00 16.96 2.0267 0.1306 
Subordinated / distrustful s 86.43 12.57 82.50 9.94 76.64 16.73 75.50 48.39 0.4256 0.7360 
l Values represent latencies, measured in seconds (s)  
s Values represent percentage (%) of the total testing time  
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Table 8: Categorisation of the horses into four groups (C1 – C4) based on the questionnaire results, filled in by the horse owners or trainers, where each group 
combined horses with comparable responses to three behavioural tests and calculated average values (AV), standard deviation (SD), F-values and P-values for 
behaviours in behavioural tests. 
Basic dataset behaviors and variables 
C1 (N=11) C2 (N=13) C3 (N=6) C4 (N=5) 
F-value P-value* 
























Time needed to finish the test first time l 49.00 32.91 64.62 87.89 73.83 112.08 44.00 32.95 0.2385 0.8688 
Time needed to finish the test second time 
l  
101.09 107.65 72.92 80.37 55.17 48.98 40.60 23.60 0.7861 0.5108 
Time needed for first three successful 
touches of the ball in the first trial l 
19.27 11.20 50.31 86.89 58.83 108.12 22.20 10.66 0.6635 0.5808 
Time needed for second three successful 
touches of the ball in the first trial l 
29.73 28.94 14.31 12.26 15.00 10.86 21.80 25.37 1.2579 0.3059 
Time needed for first three successful 
touches of the ball in the second trial l 
63.00 88.63 35.77 56.59 29.00 20.30 21.00 11.27 0.7385 0.5371 
Time needed for second three successful 
touches of the ball in the second trial l 
38.09 80.27 37.15 61.00 26.17 29.73 19.60 16.79 0.1521 0.9275 
















T Average time l 62.00 103.21 55.15 49.98 78.17 116.57 95.80 77.97 0.3160 0.8137 
Trotting / galloping / jumping / moving 
nervously s 
11.08 12.12 4.69 7.40 3.62 4.61 8.50 10.95 1.2654 0.3034 
Standing still / moving backward s 5.55 11.12 9.95 21.20 14.63 34.10 16.41 18.53 0.4103 0.7467 
Attentive / curious s 40.78 25.87 43.73 27.24 53.87 24.70 37.45 33.85 0.4043 0.7509 







Trotting / galloping / jumping / moving 
nervously s 
15.68 15.41 25.77 16.47 25.83 23.49 42.93 28.14 2.3014 0.0966 
Standing still / moving backward s 72.50 21.88 58.46 22.00 62.50 21.56 40.14 38.69 2.0370 0.1291 
Attentive / curious s 5.91 11.69 3.08 5.51 0.00 0.00 2.00 2.74 0.8765 0.4639 
Subordinated / distrustful s 88.86 24.78 80.58 10.95 75.42 21.47 66.43 28.18 1.5132 0.2305 
l Values represent latencies, measured in seconds (s)       * Bold font highlights one visible trend of significance. 
s Values represent percentage (%) of the total testing time  
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4.3 THE RELATIONSHIP BETWEEN ANATOMICAL AND PHYSIOLOGICAL 
MEASUREMENTS AND HORSE BEHAVIOUR 
In this section, the main results of the study are presented. Here we provide the most 
significant relationships between the anatomical characteristics of a horse’s head and body, 
its physiological characteristics (HR) and how these were associated with the horse’s 
behavioural responses in the behaviour tests. Only the most significant results are 
presented and can be seen in the Table 9 and Figure 18. In Figure 18, black colour 
represents highest values for all the horses together, green the group C1, red the group C2 
and blue the groups C3 and C4. Measurements FB12 and FH01, coloured in purple, are the 
ones that correlate with max HR in second trial of umbrella test. Letter “m“ means 
measurement, “f” fearfulness and “la” learning ability. Measurement FB29a relates to 
group C3 and FB29b to group C4. 
We chose a threshold of 0.3 for coefficients related to the anatomical measurements that 
were found significant in all the horses and a coefficient of above 0.8 for the measurements 
significant in a separate groups of horses. Four anatomical measurements were found to be 
correlated either with the max HR during the second trial in the umbrella test or the 
behaviour data in the two fear tests. Almost 36% of variability of the maximum heart rate 
was explained with a cornet scope of left front leg (FB12) and 32% with the distance 
between the roots of the ears (FH01). Both values represented a negative correlation, 
which means that if a cornet scope was bigger or a distance between the roots of the ears 
longer than the maximum heart rate was lower. A chest length on the left side of the body 
(FB20) was the second body measurement with 35% of the explained variability for the 
subordinated and/or distrustful behaviours in the bag test. The relationship was positive, 
meaning that if a chest was longer, the subordinated and/or distrustful behaviours were 
more often performed. 33% of the variability found for jumping, trotting, galloping and/or 
moving nervously in the umbrella test was negatively correlated with a distance between 
the superior parts of nostrils (HMP13) that was measured with the computer program. 
Horses with larger distance between nostrils spent less time jumping, trotting, galloping 
and/or moving nervously. 
In the horses from the C1 group, there were two anatomical measurements, which clearly 
explained the variability in the behaviours (Table 9). In the target training test, there were 
positive correlations found with the inferior angle of the left nostril (HMP95) explaining 
84% of the variability of time needed to successfully finish the first trial. If the ankle was 
bigger, the horse needed more time to successfully finish the first trial. In the umbrella test, 
the length of a front left leg (FB32) explained 82% of the variability in time spent standing 
still or/and moving backward with a negative correlation. If a horse had longer legs, then it 
spent less time standing still or/and moving backward. 
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In the horses from the C2 group, three anatomical measurements explained the variability 
in the behaviours with coefficient of above 0.9. A cornet scope of left front leg (FB12) 
explained 95% of variability in time spent jumping, trotting, galloping and/or moving 
nervously in the umbrella test. The correlation was found to be negative, which means that 
a horse with a larger scope spent less time jumping, trotting, galloping and/or moving 
nervously in the umbrella test. Measurement FH19 (half of a mouth length on the left side) 
was in correlation with two different behaviours: average time, individual horse needed to 
finish umbrella test in 96%, and in 97% in time, the horse spent standing still and/or 
moving backward in umbrella test. If the the mouth was longer, the horse needed more 
time to finish the umbrella test, and spent more time standing still and/or moving 
backward. The angle of outer edge of the left ear (HMP81) explained 97% of the 
variability in time the horse needed to finish first three touches (first trial) in the target 
training test with positive correlation (Table 9). A higher value means that the horse 
needed more time to finish first three touches of the ball in the target training test. 
In the horses from the C3 and C4 groups, the distance between the carpal joints of the 
forelegs (FB29) explained 84% of variability in time the horse needed to finish the second 
trial in the target training test (Table 9). The correlation was found to be negative in the C3 
group while positive in the C4 group. Therefore, the higher measurements in C3 group 
mean that the horse needed more time while, on the contrary, the horses from group C4 
needed less time in to finish the second trial in the target training test. 
Anatomical and physiological measurements, that are not mentioned above or visible in 
Table 9 had lower coefficient than our chosen threshold. Therefore, only one heart rate 
value was considered to be significant and the measured horses’ internal body temperature 
was not found to be correlated with the horses’ behavior. The detailed table of calculated 
coefficients is presented in Annex F. 
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Table 9: Anatomical measurements with only coefficient of determination above 0.3 (all the horses) or 0.8 (groups of horses) for predicting behaviours.*  
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Figure 17: Measurements of the horses' heads and body, measured on the field (FH01, FH19, FB12, FB20, FB29 and FB32) and measurements of the horses' heads, measured with 
the computer program (HMP13, HMP81 and HMP95) that had a large coefficient of determination and were indicative of the behavior. 
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5 DISCUSSION 
This is the first study to provide the evidence of correlation between three types of data: 
anatomical characteristics of an animal and its behaviour as well as hear rate. By utilizing a 
battery of methods (the Tellington-Jones and Taylor method, the paper-pencil 
questionnaire, internal body temperature, heart rate and anatomical characteristics) to 
investigate the personality traits (i.e., fearfulness and learning ability) of Lipizanner horses, 
we found that four anatomical characteristics on the head and body (i.e., the distance 
between the ears and nostrils, cornet scope and chest length) were indicative of fear-related 
behaviour observed in the umbrella or the bag tests while two of them (i.e., the distance 
between the ears and cornet scope) of heart rate in the umbrella test. After using a standard 
clustering methodology on behaviour data collected in the target training, the umbrella and 
the bag tests, the results showed four different modes of responses to fear-related and 
learning tests. Our main finding was that these clusters differed significantly in their five 
anatomical characteristics of head and body (i.e., the nostril and ear angle, the leg and 
mouth length and the distance between the forelegs). Our results imply that anatomical 
characteristics may give a reliable and an objective, or at least less subjective measure to 
define personality in horses. 
5.1 FORMATION OF CLUSTERS BASED ON BEHAVIOURAL RESPONSES  
The three behavioural tests - the target training, the umbrella and the bag tests elicited four 
different behavioural responses categorized as C1, C2, C3 and C4 groups in Lipizzan 
horses based on fearfulness and learning ability (related with trainability of horses). Group 
C1 combined intermediate horses, group C2 least intelligent horses, C3 low and C4 high 
fearful horses. To date, most frequently mentioned animal responses to a challenging 
situation are active (also named as reactive) or passive (also named as proactive) (dogs: 
Krushinskii and Haigh, 1961; mice: Benus, 1988; rats: de Boer et al., 1990; Koolhaas et 
al., 2010; great tits: Verbeek, 1994; spiders: Riechert and Hedrick, 1993; pigs: Bolhuis et 
al., 2004; Hessing et al. 1994; chickens: Groothuis and Carere, 2005; domestic horses: 
Axel-Nilsson, 2015; Seaman et al., 2002). However, our four clusters go in line with 
findings in pigs (Spoolder et al., 1996) and domestic horses (Seaman et al., 2002), where 
the authors suggested more than two groups division related to the behavioural responses 
under the same situation. 
In the target training test, our horses were expected to learn how to solve a problem (to 
touch the yellow ball) to reach positive reinforcement (a carrot cube). The least intelligent 
group of horses combined the lowest number of horses and had the worst learning ability, 
even after having gained initial experiences with the task. They needed significantly more 
time to finish the target training test successfully, although with some differences between 
the other groups in different repetitions. The reason for these may be found in the 
habituation process (Goodenough et al., 1993) that may vary between our horses or in their 
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long-term learning experience, as well as in the short-term attention, motivation or 
emotionality (Nicol, 2002; Visser et al. 2003). The highly fearfull group of horses 
displayed less attentive and/or curious behaviours and more subordinated and/or distrustful 
behaviours in the umbrella test. The least fearful group of horses horses spent most time 
moving forward (jumping, trotting, galloping and/or moving nervously) and were less 
subordinated and/or distrustful in the bag test. Low-intelligence horses did not significantly 
deviate in fearfulness tests from the other horses while intermediate group of horses did not 
deviate in either of the behavioural responses from the rest of the horses. 
The clustering into four personality groups was not associated to neither the head 
characteristics described by Tellington-Jones and Taylor (2009) nor results gathered by the 
questionnaires that were filled-in by the horse trainers or owners. Tellington Jones in 
Taylor (2009) provided the final score on the horse personality by combining head and 
body anatomical characteristics and included the narrative of the horse owner as a part of 
the personality assessment. This provided the infinite variations, which are hard to 
combine into groups. In our study, we applied one third of the Tellington Jones in Taylor 
(2009) method; only the horse head characteristics. Both methods are very subjective, so it 
is also possible that subjectivity was another reason for mismatching. To minimize the risk 
of subjectivity reflection of the human respondents in the questionnaire, more complex 
statistical analysis and larger number of respondents per horse are frequently used 
(Momozawa et al., 2003). In our study, we were able to collect one questionnaire per 
horse.  
5.2 THE RELATIONSHIP BETWEEN ANATOMICAL AND PHYSIOLOGICAL 
MEASUREMENTS AND HORSE BEHAVIOUR 
Our study also showed that some anatomical characteristics of the horse’s body (measured 
with sartorial meter or program) correlated with the behavioural responses. On the other 
hand, heart rate, sex and internal body temperature were found not to distinguish horses of 
different personality. However, the heart rate was negatively correlated with the two 
anatomical features (i.e., cornet scope of the left front leg and distance between the roots of 
the ears). The horses with thinner legs and thinner or smaller heads had a higher heart rate 
(in the second trial of the umbrella test), regardless of the personality group. Some studies 
report a link between different body sizes or shapes and personality (sheep: Hansen et al., 
2001; cattle: Lanier and Grandin, 2002; Martins et al., 2009; pigs: Holl et al., 2010; dogs: 
Krushinski and Haigh, 1961) with animals having slender bodies to be more reactive 
compared to larger animals. In our study, we found that thinner (slender) and smaller 
Lipizzan horses had a higher heart rate in one of the fearfulness tests. 
While three of the above mentioned anatomical characteristics were common only to all of 
the horses, one anatomical characteristic was also group specific and six anatomical 
characteristics were only group specific (only common within certain group of horses). We 
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found that the inferior angle of the nostril that is linked with the width of a nostril was 
correlated with the horses’ ability to learn in the intermediate group. The larger the nostril, 
the longer the horse needed to finish the task. Also the length of front left leg (linked with 
horse height) and distance between superior parts of the nostrils (width of the head) both 
correlated with a lower level of fearfulness (i.e., more fearful horse). In the least intelligent 
group of the horses, a larger cornet scope of front leg correlated with a lower level of 
fearfulness and a lower heart rate. A longer length of the horses’ mouth was correlated 
with a higher level of fearfulness as the horses needed more time to finish the umbrella test 
displaying more backward moving. The distance between superior parts of the nostrils 
(wideness of the head) correlated with a lower level of fearfulness. Larger ear width was 
correlated with a lower learning ability. The least intelligent group of the horses was 
therefore less fearful and had a worse learning ability among the tested horses. It would be 
expected that less fearful horses would have a good learning ability, but the results are in 
agreement with those reported by Christensen et al. (2015) where the learning performance 
in the home environment was not related to fearfulness. Interestingly, the anatomical 
characteristics in the low and high fearful groups of horses only provided the information 
about their learning abilities. Low-fearful Lipizzan horses with wider body had better 
learning abilities while the high-fearful horses with wider body had lower learning 
abilities. From the aspect of selection, we would therefore prefere the low-fearful Lipizzan 
horses with wider body. 
Although there have been a few attempts to establish a link between anatomy and behavior 
in animals, the findings are limited. To our knowledge, there are only two studies, where 
horse conformation was linked to behaviour (e.g., movement). The first is by Tellington-
Jones and Taylor (2009), which concluded that the ideal thoroughbred with the great 
athletic abilities should have (measured with a rope) head, neck, shoulders, back and croup 
(can deviate to some extent) of the same length. Any deviation in measurements, except for 
the croup, could lead to stiffness and pain which could cause unwillingness, unsoundness 
and resistance. The second study was made by Groesel et al. (2010), where it was shown 
that the length of the back muscle and consequently the length of the back affects horse's 
movements. As stated by Koenen et al. (2004), one possible reason for the lack of literature 
on conformation scoring in horses lies in the currently applied methods, which are very 
subjective with low transparency due to many subjectively defined traits without adequate 
information on their relative weight. Although Druml et al. (2015) conducted a study 
utilizing more objective measurements of conformation and presented new statistical 
techniques for the analysis of shape and equine conformation using image data, they did 
not investigate the horse personality nor took into account different postures of individuals. 
Nevertheless, Druml et al. (2015) stated that developed method is objective enough to be 
used in addition to rater’s scoring to assist in trait definition and in evaluations of horses.  
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To summarize, we identified the existence of four personality groups in Lipizzan horses, 
the low intelligent horses, the intermediate horses, the low- and the high-fearful horses. 
Our evidence further indicates that the size of the head and body may predispose certain 
personality traits in Lipizzan horses. Therefore, we suggest that anatomical characteristics 
may give a reliable and an objective, or at least less subjective measure, to define 
personality traits such as fearfulness and intelligence (related to trainability). 
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6 CONCLUSIONS 
 Based on the level of fearfulness and the learning ability in Lipizzan horses, four 
behavioural responses were discovered and personality groups were formulated: the 
intermediate group (C1), the group with a low learning ability (C2), the group with 
low fear (C3) and the group with high fear (C4).  
 The personality groups were not associated to neither the head characteristics 
described by Tellington-Jones and Taylor (2009) nor results gathered by the 
questionnaires filled by the horse trainers or owners. 
 The thinner (slender) and smaller Lipizzan horses had a higher heart rate. Within 
the intermediate group, horses differ in nostril and head size. The low-intelligent 
horses differ in leg, head and mouth size and also in ear wideness. In the low- and 
high-fearful horses, the width of the body indicated the horse's learning abilities. 
 Size of the head and body predispose certain personality traits in Lipizzan horses, 
so anatomical characteristics may give a reliable and an objective, or at least less 
subjective measure, to define personality traits. 
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7 SUMMARY (POVZETEK) 
7.1 SUMMARY 
Personality assessment of horses can be used to select suitable training and weaning 
methods, choose or breed horses for police work or therapeutic riding, investigate 
underlying reasons for development of behavioural problems or assess how an unknown 
horse might react to new or aversive situations or stimuli. A human Five Factor model and 
other methods for analysing personality have frequently been used as a basis for horse 
personality structure analysis and some evidence point at the presence of complex facial 
expressions nearly identical to humans. The mentioned personality differences between 
individual horses may require different approaches in learning, handling and training. 
According to some researchers, it is possible to improve performance and horse welfare by 
identifying the right match between the horse's temperament, its rider's personality, 
housing conditions, management and by choosing the appropriate activity for an individual 
horse. Thus, assessment of a horse's personality is an important topic in horse breeding and 
it can be graded according to four methods: 1) the questionnaire-based personality 
assessment method, 2) behavioural tests, 3) personality assessment based on heart rate and 
4) the method of grading by anatomical characteristics. The first two methods have already 
seen extensive use, while the last two methods are still in development. 
Most researchers apply one or two methods when assessing horse personality, hence the 
lack of a multifactorial approach when looking at individual behaviour differences over 
time and different contexts. One possible reason for the lack of literature on conformation 
scoring in horses lies in the currently applied methods that are very subjective with a low 
transparency due to many subjectively defined traits without adequate information on their 
relative weight. In Slovenia, the selection of Lipizzan horses rests only on phenotypic 
values while in other countries, horse breeding programs already uses strategies based on 
genomic informations. In our study with 35 Lipizzan horses, we were interested in 
verifying the reliability of assessment methods by comparing the questionnaires, the 
personality descriptions following Tellington-Jones anatomical recommendations, heart 
rate measurements and behavioural tests, namely two fear tests and a handling test. The 
selected horses originated from five horse facilities in Slovenia and were at least five years 
old, ridden and healthy. We used the questionnaires as the most widely used method where 
animal personality traits are defined by subjective ratings grounded on personality 
descriptive adjectives. We also used three behavioural tests (the umbrella test, the target 
training test and the bag test) and measured heart rate and its variability during behavioural 
testing. The method of behavioural tests is often used when the horse is exposed to a 
number of challenges like riding exercises or unfamiliar objects and can be used to 
quantify the horse’s emotionality and personality. In the umbrella test, two identical 
umbrellas were positioned 5 m apart so that they formed a passage through which the 
handler led an individual horse. After the horse's last hind hoof touched the ground 5 m 
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from the umbrellas, the test ended. In the bag test, the handler positioned the horse 5 m 
from the assistant, who held a whip with an attached plastic bag and waved with it for 20 
seconds. For anatomical characteristics, it was only Tellington Jones and Taylor (2009), 
who described different characteristics of a horse’s body and head, and linked them to 
specific horse personality traits. The terminology used by the authors was not consistently 
defined in any objective way and its specific meaning cannot be validated. In the greater 
part, these descriptions were based on individual experiences with horses and are therefore 
very subjective. Head anatomical features in our study were identified following the 
graphical representations proposed by Tellington-Jones and Taylor and characterized the 
temperament of every horse following these guidelines. 
After we used standard clustering methodology on behaviour data (from the umbrella test, 
the target training test and the bag test) and statistically evaluated the significance of 
differences between discovered subgroups, our main results showed four different modes 
of responses to fear and learning situations in horse: the intermediate group, the group with 
a low learning ability, the group with low fear and group with high fear. To date, most 
frequently mentioned animal responses to a challenging situation are active or passive. 
However, our four clusters go in line with findings in pigs and domestic horses where the 
division into more than two groups related to the behavioural responses under the same 
situation was suggested. In the target training test, it was expected of the horses to learn to 
solve a problem that was to touch the yellow ball. The least intelligent group of the horses 
needed significantly more time to successfully finish the target training test despite the 
previously gained experience. The reason may be found in the habituation process, their 
long-term learning experience or a short-term attention, motivation or emotionality. The 
high-fearfull group of the horses displayed less attentive and/or curious behaviours and 
more subordinated and/or distrustful behaviours in the umbrella test. The least fearful 
group of the horses spent most time moving forward (jumping, trotting, galloping and/or 
moving nervously) and were less subordinated and/or distrustful in the bag test. The horses 
were also clustered based on Tellington-Jones and Taylor and questionnaire results, but the 
results showed no correlation between the methods used and the allocation of the horses 
into groups. Hovewer, Tellington Jones in Taylor (2009) combined head and body 
anatomical characteristics and the narrative of the horse owner as part of the final 
personality assessment, while in our study we applied one third of the Tellington Jones in 
Taylor (2009) method. Subjectivity of both methods could be another reason for 
mismatching, therefore some of the researchers already used more complex statistical 
analysis and a larger number of respondents per horse. In our study, we were able to collect 
one questionnaire per horse. 
Furthermore, we found out that four anatomical characteristics, which are cornet scope of 
the left front leg, the distance between the roots of the ears and between the nostrils and 
chest lenght were found in all the horses we studied. The characteristics were highly 
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correlated with the behavioural traits or HR, while six additional characteristics: the length 
of the foreleg and mouth, nostril, ear and body width, cornet scope were found as 
important with horses in different groups. Some studies report a link between different 
body sizes or shape and personality with animals having slender bodies to be more reactive 
compared to larger animals. In our study, we found that thinner (slender) and smaller 
Lipizzan horses had a higher heart rate in one of the fearfulness tests. In the target training 
test, it was expected that the low-fearful horses would have a good learning ability, but the 
results showed that the learning performance in the home environment was not related to 
fearfulness. 
Despite the efforts to link the anatomy and horse behavior, the findings are very limited. 
According to our knowledge, only two studies have been carried out so far that proved the 
connection between horse conformation and behavior (movement). According to first 
research, an ideal thoroughbred with the great athletic abilities should have head, neck, 
shoulders, back and croup of the same length and any deviation in measurements, except 
for the croup, could lead to stiffness and pain; both   could lead further to unwillingness, 
unsoundness and resistance. The second research presented new statistical techniques for 
the analysis of shape and equine conformation using image data, but they did not 
investigate the horse personality nor took into account different postures of individuals.  
We were the first to conduct a study by utilizing a battery of methods to investigate the 
personality of Lipizanner horses and found a connection between behaviour, heart rate and 
anatomical characteristics (head and body) of horses. Based on our results, we suggest that 
anatomical characteristics in Lipizzan horses provide a reliable and an objective, or at least 
less subjective measure to define personality traits such as exploration/fearfulness and 
intelligence (related to trainability). Our conclusion is based on a small number of animals, 
therefore it is important to conduct more work to ensure reliability of the method and to 
improve interpretation of the results in the study of Lipizzan horses. 
7.2 POVZETEK 
Ocenjevanje osebnosti konj je pomembno področje raziskav, ki lahko omogoči, da lažje 
izberemo primerno metodo treninga ali odstavitve, izberemo primernega konja za delo v 
policiji ali v terapevtskih programih. Ocena osebnosti nam je lahko v pomoč pri iskanju 
vzrokov za razvoj neželenih oblik obnašanja ali predvidevanju, kako bo konj reagiral na 
nove ali negativne situacije oz. dražljaje. Kot osnova za proučevanje strukture osebnosti pri 
konjih se pogosto uporabljajo metode, razvite za določanje osebnosti pri ljudeh, 
najpogosteje model petih faktorjev osebnosti (npr. Lloyd in sod., 2008; McGrogan in sod., 
2008). Dokazi raziskave Wathan in sod. (2015) potrjujejo obstoj kompleksnih izrazov 
mimike pri konjih, ki so skoraj identični človeškim in se razlikujejo med posameznimi 
konji. Omenjene osebnostne razlike med individualnimi živalmi bi lahko bile razlog za 
potrebo po različnih pristopih učenja, rokovanja in treninga konj. Nekateri raziskovalci 
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menijo, da lahko učinkovitost in dobro počutje konj izboljšamo s pravo povezavo med 
temperamentom konja in osebnostjo jahača, pogoji uhlevitve, upravljanjem in izbiro 
ustrezne zaposlitve za posameznega konja. Ocenjevanje osebnosti konj je torej pomembna 
tematika. Metode ocenjevanja osebnosti konj je mogoče razvrstiti v štiri skupine: 
ocenjevanje osebnosti na podlagi 1) vprašalnikov, 2) testov obnašanja, 3) meritev srčnega 
utripa in 4) anatomskih značilnosti. Prvi metodi sta najpogosteje uporabljeni, medtem ko 
sta zadnji še v razvoju. 
Večina raziskovalcev pri ocenjevanju osebnosti konj uporablja eno ali dve metodi, kar 
nakazuje na pomanjkanje multidisciplinarnega pristopa, ko opazujemo individualne razlike 
v obnašanju skozi čas in situacije. V raziskavi na lipicancih smo preverili zanesljivost 
metod; primerjali smo vprašalnike, opise osebnosti, ki so temeljili na podlagi anatomskih 
priporočil Tellington-Jones, meritve srčnega utripa in odzive obnašanja v dveh testih 
plašnosti in testu rokovanja. Vprašalnike smo uporabili kot najbolj razširjeno metodo. 
Lastnosti osebnosti živali so bile ocenjene s subjektivnimi ocenami, ki so temeljile na 
opisnih pridevnikih osebnosti (Debeljak in Zupan, 2014). Nadalje, testi obnašanja so 
temeljili na testih, omenjeni v tuji literaturi (test aktivnosti ali test novega predmeta: 
Górecka in sod. (2007); test rokovanja ali odziv na osebo: Seaman in sod. (2002); arena 
test: Seaman in sod. (2002); test med jahanjem: Munsters in sod. (2012); test reševanja 
problemov: Le Scolan in sod. (1997)). V študiji smo konjem med izvedbo testov obnašanja 
merili tudi srčni utrip (HR) in njegovo variabilnost (HRV). Ta metoda se uporablja v 
situacijah, ko je konj izpostavljen številnim izzivom kot npr. vajam med ježo ali 
nepoznanim predmetom (Stucke in sod., 2015) in služi določanju čustev in osebnosti konja 
(Visser in sod., 2002). Raziskava narejena na anatomskih značilnostih (Górecka in sod., 
2006) je pokazala, da je položaj vrtincev pri konjih gensko pogojen oz. povezan z 
gibanjem (Murphy in Arkins, 2008). Preostale anatomske značilnosti telesa ali glave konj 
sta v svoji knjigi opisali le avtorici Tellington Jones in Taylor (2009) in jih povezali s 
specifičnimi lastnostmi osebnosti. Pojmi, ki jih avtorici uporabljata, niso dosledno 
opredeljeni na noben objektiven način, zato njihovega pomena ni mogoče oceniti. Opisi pa 
prav tako temeljijo na posameznikovih izkušnjah s konji, ter so posledično zelo 
subjektivni. 
Cilji naše raziskave so bili trije: 
a) Raziskati kontekstno specifičnost, povezano z obnašanjem med izpostavljenostjo 
različnim vrstam dražljajev in posameznega konja umestiti v določeno osebnostno 
skupino. 
b) Izmeriti anatomske značilnosti glave in telesa z uporabo treh različnih tehnik, 
krojaškega metra, računalniškega programa ter opisov iz knjige Tellington-Jones in 
Taylor (2009). 
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c) Z uporabo robustnega statističnega pristopa oceniti različne metode določanja 
osebnosti konj in najti najmanj subjektivno in najbolj zanesljivo metodo, ki bi bila 
enostavna za uporabo v praktičnih razmerah. 
Naše hipoteze so bile, da se bodo konji med seboj razlikovali v odzivu na teste obnašanja 
ter da so meritve telesa, povezane z velikostjo in obliko telesa indikatorji odzivov 
obnašanja v testih obnašanja. Hkrati smo predvidevali, da obstaja možnost za skupno 
uporabo različnih metod ocenjevanja osebnosti konj in smo med njimi pričakovali 
primerljive rezultate. 
Testirali smo 35 konj pasme lipicanec iz petih različnih posestev po Sloveniji: Pedagoško 
raziskovalni center za konjerejo Krumperk (n=5 konj), kmetija Pr 'Kolenc (n=5), vzrejna 
hiša Barbana (n=13), jahalni center Janhar (n=7), Biotehniški center Naklo (n=3) in dva 
konja iz zasebne reje. Izbrani konji so bili stari vsaj pet let, ujahani ter uporabljeni pod 
sedlom in zdravi. Najprej smo konjem izmerili fiziološke meritve (srčni utrip (HR), 
variabilnost srčnega utripa (HRV) in notranjo telesno temperature (IBT). Omenjene 
meritve smo merili pet zaporednih dni, medtem ko so konji počivali v individualnih 
boksih. Za merjenje srčnega utripa smo uporabili Equine H7 elektrode srčnega utripa in 
sprejemnik, uro Polar V800. Elektrode so bile pritrjene na doma narejen elastični trak in 
nameščene na področje podsedelnega pasu. Za optimalen kontakt med površino kože in 
gumijasto elektrodo smo uporabili kos tapetniške pene, ki je elektrodo pritisnil bolj h koži 
in elektroprevodni gel. Povprečni čas merjenja HR in HRV je bil 60 minut (od 45 minut do 
90 minut). IBT konj je bila izmerjena rektalno z digitalnim termometrom takoj za meritvijo 
HR v mirovanju. Meritve IBT so nam služile kot kontrola zdravstvenega stanja in kot 
meritev za izračun korelacije z drugimi zbranimi podatki konj. Informacija o IBT je 
predstavljala povprečje 5. dnevnih meritev vsakega konja. Lastnikom konj smo 
posredovali vprašalnike, ki so jih izpolnili za posameznega konja.  
V naslednjem koraku smo individualnega konja izpostavili trem testom obnašanja: test z 
dežnikom, test dotika tarče in test z vrečko. V času testiranja smo konjem merili HR, 
njihovo obnašanje pa je bilo posneto z videokamero. Testi so bili ponovljeni dvakrat z 
dvema dnevoma premora med ponovitvama. Test z dežnikom in vrečko je bil zasnovan z 
namenom testirati nivo plašnosti pri konjih, medtem ko je test dotika tarče služil za oceno 
nivoja učljivosti in posledično inteligence. Testi obnašanja so bili izpeljani znotraj testnega 
področja (15 m x 6 m). Meje testnega področja so bile označene s 4. oranžnimi stožci na 
vsakem kotu ter temno modro vrvjo, ki je povezovala stožce. Pri testu z dežnikom sta dva 
asistenta znotraj testnega področja namestila dva dežnika 1,5 m stran od roba testnega 
polja, tako da sta tvorila prehod širok 3 m. Vodnik je nato hodil pred konjem in vodil konja 
skozi prehod tako. Ko je konj hodil, je bil povodec ves čas sproščen, če pa se je konj 
ustavil ali upiral, je vodnik s hojo nadaljeval vse dokler ni bil povodec rahlo napet. V 
primeru, da je konj nadaljeval s hojo naprej, je tudi vodnik nadaljeval s hojo proti koncu 
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testnega polja, kjer se je test zaključil. Po uspešnem zaključku testa ali po preteku 5. minut, 
je vodnik vodil konja nazaj na začetek in se pripravil na naslednji test.  
Za test dotika tarče je vodnik konja pred pričetkom v eno roko vzel 5 kock korenja in nato 
vodil konja znotraj testnega polja. Tam sta asistenta že pripravila palico s pritrjeno rumeno 
žogo, ki jo je vodnik prijel v drugo roko. Nato je umiril konja, da je ta stal na mestu in test 
se je pričel. Vodnik je palico z žogico približal konjevemu gobcu in počakal, da se je konj 
žogice dotaknil. Takoj, ko je prišlo do uspešnega dotika, je vodnik konju ponudil kocko 
korenja. Konj je skupno prejel tri kocke korenja za prve tri zaporedne dotike, medtem ko 
za četrti, peti in šesti dotik kock korenja ni prejel. Vsak konj je imel na voljo največ 5 
minut, da uspešno zaključi test in se žogice dotakne šestkrat, čas pa smo začeli meriti od 
prvega dotika dalje. Ko se je test zaključil, je konj prejel še preostali dve kocki korenja, 
nato pa ga je vodnik odpeljal nazaj na začetek za naslednji test. Pri testu z vrečko je vodnik 
konja ponovno pripeljal znotraj testnega polja, medtem ko je asistent stal na koncu testnega 
polja in za hrbtom držal bič s pritrjeno plastično vrečko. Takoj ko je konj stal na mestu in 
gledal asistenta, je ta pričel neprekinjeno mahati z vrečko. Test se je zaključil po 20. 
sekundah izpostavljenosti konja pred nihajočo vrečko. Med trajanjem testa je vodnik konja 
omejeval le, ko se je konj želel obrniti in zbežati stran ali se zaleteti v vodnika. Po koncu 
testa z vrečko je vodnik konja odpeljal nazaj v hlev. 
Po opravljenih testih obnašanja je sledilo zbiranje podatkov anatomskih značilnosti glave 
in telesa. Podatke smo zbrali dvakrat, v dveh različnih dneh, znotraj hleva ali pred hlevom. 
V času merjenja je konj stal na ravni podlagi. Anatomske značilnosti glave so bile 
ocenjene z uporabo treh različnih pristopov: 1) slike glave (prednji in levi profil glave), ki 
smo jih kasneje analizirali s pomočjo opisov iz knjige Tellington Jones in Taylor (2009), 2) 
slike glave (levi profil) s pritrjenim ravnilom, za analizo s programom CoordGen8 in 3) 
meritvijo 19 razdalj (leva in prednja stran glave) s krojaškim metrom na terenu. Meritve 
telesa so bile z uporabo krojaškega metra zbrane na levi ali prednji strani telesa (z izjemo 
obsegov).  
Meritve HR v mirovanju smo analizirali s pomočjo programa Kubios HRV. Znotraj 
celotnega 60 minutnega posnetka smo določili 14 minut najbolj reprezentativnega vzorca 
in iz njega pridobili podatke za nadaljnjo analizo, ki smo jih vnesli v Excel preglednico. 
Meritve HR iz testov obnašanja so bile analizirane z aplikacijo Polar Flow. V aplikaciji 
smo določili začetek in konec vsakega od testov ter nato izpisali podatke v excel 
preglednico. V preglednici so bili še podatki o živali, njeni povprečni IBT, in vse vrednosti 
anatomskih meritev. Pri nadaljnji analizi smo iz podatkov testov obnašanja sestavili dve 
tabeli. V eni smo navedli vse podrobne podatke testov in obdržali podatke ločene za vsako 
ponovitev testov, v drugi pa smo navedli le osnovne podatke tako, da smo zmanjšali število 
podatkov z združitvijo ponovitev v povprečne vrednosti in izbiro le pomembnih vrednosti. 
Sledila je analiza obeh tabel s pomočjo programskega paketa Orange. V kasnejši statistični 
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analizi smo uporabili le tabelo, ki je imela višje PCA vrednosti in višje Spearman 
korelacijske koeficiente. Za identifikacijo individualnih razlik v značilnostih obnašanja 
med konji smo uporabili K-means algoritem, ki nam je razkril različne skupine konj. 
Zanesljivost teh skupin je bila preverjena z uporabo Student T-testa in ANOVA testa, za še 
večjo zanesljivost smo na koncu uporabili Bonferroni korekcijo za razlike med 
posameznimi skupinami. Razdelitev konj v skupine na podlagi ocenjevanja osebnosti s 
pomočjo Tellington-Jones in Taylor metode ali vprašalnikov je bila preverjena s pomočjo 
Pearson’s chi-squared testa in ANOVA testa. Koeficient determinacije in Pearson 
korelacijski koeficient sta bila uporabljena za določanje individualnih povezav med 
anatomskimi in fiziološkimi meritvami konjevega telesa in njegovim obnašanjem. Po 
izvedeni analizi na podlagi osnovnih časov obnašanja, smo pridobili razvrstitev konj v 4 
skupine: 1) vmesna skupina s konji, ki niso odstopali, 2) skupina z nizko učljivostjo, 3) 
skupina manj plašnih konj ter 4) skupina bolj plašnih konj. Aktivni in pasivni odziv sta dva 
najpogosteje omenjena odziva živali na stresne situacije v okolju. Odziva sta bila opažena 
pri več različnih vrstah živali: pri psih (Krushinskii in Haigh, 1961), miših (Benus, 1988), 
sinicah (Verbeek, 1994), pajkih (Riechert, 1993), prašičih (Bolhuis in sod., 1998; Hessing 
in sod. 1994), piščancih (Groothuis in Carere, 2005) in udomačenih konjih (Axel-Nilsson, 
2015; Seaman in sod., 2002). Rezultati, pridobljeni v naši raziskavi, pa sovpadajo z 
opažanji pri prašičih (Spoolder in sod., 1996) in udomačenih konjih (Seaman in sod., 
2002), kjer je bila predlagana razdelitev živali v več kot le dve skupini, glede na odzive v 
primerljivih situacijah. 
Pri testu dotika tarče je bilo pričakovano, da se konji naučijo in rešijo zastavljen izziv, tj. 
dotik rumene žogice. Skupina konj z nizko učljivostjo je potrebovala značilno več časa za 
uspešen zaključek testa, navkljub izkušnjam. Razlog za razliko je moč iskati v procesu 
habituacije (Goodenough in sod., 1993), ki se lahko razlikuje med testiranimi konji. Prav 
tako so lahko razlog razlike v dolgotrajnem učenju, kratkoročni pozornosti, motivaciji, ali 
čustvenosti (Nicol, 2002; Visser in sod. 2003). Konji so bili razvrščeni tudi na podlagi 
podatkov opisov Tellington-Jones in Taylor ter podatkov vprašalnikov, vendar rezultati 
niso pokazali korelacije med uporabljenimi metodami ter dodelitvijo konj v skupine. 
Tellington Jones in Taylor (2009) podata končno oceno osebnosti konja na podlagi 
ocenjevanja anatomskih značilnosti glave in telesa ter opisa osebnosti konj, ki ga podajo 
lastniki konj. Ta način ocenjevanja osebnosti omogoča neomejeno število možnih variacij, 
katere je težko združiti v skupine. V naši raziskavi smo uporabili le eno tretjino metode 
Tellington Jones in Taylor (2009) – ocenjevanje anatomskih značilnosti glave. Tako 
metoda Tellington Jones in Taylor (2009) kot vprašalniki sta subjektivni metodi zatorej je 
prav tako mogoče, da je ravno subjektivnost razlog za neusklajenost. Da bi se čim bolj 
zmanjšalo tveganje subjektivnosti človeških ocenjevalcev v vprašalnikih, so se 
znanstveniki pri analizi poslužili bolj kompleksnih statističnih analiz in večjega števila 
anketirancev (Momozawa in sod., 2003). V naši raziskavi, smo uspeli pridobiti en 
izpolnjen vprašalnik na posameznega konja.  
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Drugi pridobljeni rezultati raziskave kažejo na povezavo med anatomskimi značilnostmi 
glave in telesa konj ter fiziološkimi značilnostmi (HR) in kako so le-te povezane z odzivi 
konja na teste obnašanja. Pri vseh 35 testiranih konjih, je delež pojasnjene variabilnosti 
znašal med 32% in 36%. Pri posamezni skupini konj je bil ta delež višji in znašal med 82% 
in 97%. Pri skupini, kjer so bili zajeti vsi testirani konji skupaj, so konji z večjim obsegom 
svitka ali konji z večjo razdaljo med uhljema imeli nižji srčni utrip pri testu plašnosti. 
Konji z daljšimi prsmi so bili pri testu plašnosti bolj nezaupljivi in podrejeni, konji z daljšo 
razdaljo med nosnicama pa so pri testu plašnosti manj časa skakali, bili v kasu, galopirali 
in/ali se nervozno premikali. Omenjene značilnosti sicer kažejo na določeno značilno 
obnašanje konj na testih plašnosti, ne razdelijo pa konj v določene skupine, medtem ko sta 
v skupini, ki je združevala povprečne konje, bili dve značilnosti specifični za skupino. 
Večja kot je bila nosnica konja, dalj časa je ta potreboval za uspešen zaključek testa 
učljivosti in daljšo ko je imel prednjo nogo, manj časa je stal na mestu in/ali se premikal 
nazaj pri testu plašnosti. V skupini manj inteligentnih konj, so konji z močnejšimi 
(debelejšimi) nogami manj časa skakali, bili v kasu, galopirali in/ali se nervozno premikali 
pri testu plašnosti. Konji z daljšimi usti so potrebovali več časa za zaključek testa z 
dežnikom in so več časa stali na mestu in/ali se premikali nazaj. Konji s širšimi ušesi so 
potrebovali več časa za uspešen zaključek testa učljivosti. V skupini bolj in manj plašnih 
konj je razdalja med obema prednjima nogama razlikovala konje med seboj vendar v 
obratni smeri. Tako so širši konji v skupini manj plašnih konj potrebovali manj časa za 
zaključek testa učljivosti, medtem ko so širši konji v skupini bolj plašnih konj potrebovali 
več časa, da so uspešno zaključili s testom učljivosti. 
Nekatere raziskave poročajo o povezavi med različnimi velikostmi ali oblikami telesa in 
osebnostjo (ovce: Hansen in sod., 2001; govedo: Lanier in Grandin, 2002; Martins in sod., 
2009; prašiči: Holl in sod., 2010; psi: Krushinski in Haigh, 1961). Po njihovih navedbah 
naj bi živali z bolj vitkim telesom bile bolj reaktivne kot tiste z večjim telesom. V naši 
raziskavi smo ugotovili, da imajo manjši in vitkejši lipicanci višji srčni utrip v enem izmed 
testov plašnosti. Pri testu dotika tarče bi pričakovali, da bi imeli konji, ki so manj plašni 
tudi boljšo učljivost, vendar rezultati temu nasprotujejo in so v skladu z opažanji 
Christensen in sod. (2015), kjer sposobnost učljivost v domačem okolju ni bila povezana z 
nivojem plašnosti. 
Kljub prizadevanjem po povezavi med anatomijo in obnašanjem pri konjih so ugotovitve 
močno omejene. Po naših navedbah sta do sedaj opravljeni le dve študiji, ki dokazujeta 
povezavo med konformacijo konja in obnašanjem (gibanjem). Prva je raziskava 
Tellington-Jones in Taylor (2009), katere zaključek je, da ima idealni polnokrvni konj z 
odličnimi atletskimi sposobnostmi (merjeno z vrvjo) glavo, vrat, ramena, hrbet in križ 
(slednji lahko variira do določene stopnje) enake dolžine. Kakršno koli odstopanje v 
meritvah, razen za križ, ima za posledico togost in bolečine, kar vodi v nepripravljenost, 
negibljivost in odpor. V drugi raziskavi so Groesel in sod. (2010) dokazali, da dolžina 
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hrbtne mišice in posledično dolžina celega hrbta vpliva na gibanje konja. Po navedbah 
Koenen in sod. (2004), je eden od možnih razlogov za pomanjkanje literature o 
ocenjevanju konformacije pri konjih v trenutno uporabljenih metodah, ki so zelo 
subjektivne in imajo nizko preglednost zaradi številnih subjektivno opredeljenih lastnosti, 
brez ustreznih informacij o njihovi relativni teži. V Sloveniji se selekcija lipicancev vrši le 
na podlagi fenotipskih vrednosti, medtem ko so v tujini pogoste plemenske vrednosti. 
Kljub temu, da so Druml in sod. (2015) izvedli raziskavo in uporabili bolj objektiven način 
merjenja konformacije in tako predstavili novo statistično metodo za analizo oblike 
konformacije konj, v svoji raziskavi niso raziskovali osebnosti konj in tudi niso vzeli v 
obzir specifične stoje posameznika.  
Naša raziskava je tako prva v svetovnem merilu, ki dokazuje uporabnost večjega števila 
metod za proučevanje osebnosti pri (lipicanskih) konjih. Ugotovili smo povezavo med 
obnašanjem konj, njihovo srčno frekvenco in anatomskimi značilnostmi (glavo in telesom). 
Po uporabi standardne metode razvrščanja konj glede na podatke obnašanja in statističnim 
vrednotenjem pomembnosti razlik med odkritimi podskupinami smo pokazali štiri različne 
odzive na radovednost/plašnost in učljivost. Noben od različnih odzivov ni bil odvisen od 
anatomije glave ali telesa, opisane s strani Tellington-Jones in Taylor, niti od rezultatov 
vprašalnikov. So pa bile ugotovljene štiri anatomske značilnosti, ki so bile močno 
povezane z lastnostmi obnašanja ali HR. Nadalje smo pri konjih znotraj različnih 
podskupin ugotovili sedem dodatno pomembnih anatomskih značilnosti. Na osnovi 
rezultatov predlagamo, da anatomske značilnosti pri lipicancih dajejo zanesljiv in manj 
subjektiven ali celo objektiven način za določanje značilnosti osebnosti, kot sta 
radovednost/plašnost in inteligenca (povezana z učljivostjo). Ker naša trenutna dognanja 
temeljijo na majhnem številu živali, je pomembno zbrati podatke, ki predstavljajo bolj 
reprezentativen vzorec konj. S tem bi lahko zagotovili večjo zanesljivost metode pri 
lipicancih in izboljšali interpretacijo rezultatov. 
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ATTACHMENTS 
ANNEX A  
Fusion of the components of the skull from Grossmann (1947), Silva (1969) and Bennett 
(2008) 
BONE CENTER OF OSSIFICATION NOTES ON DEVELOPMENT AND FUSION 
Occiput complex 
Supraoccipital Fuses to exoccipital at 18 months 
Exoccipital (has two centers) Becomes entirely bony by about 18 months 
Basioccipital Fuses to exoccipital at three to four months 
Sphenoid 
Five centers: one center in each of 
four wings, plus one in the body 
Fuses with occipital at five years 
Ethmoid 
Five centers: two centers in each 
lateral mass, one in the 
perpendicular plate 
Variable development and fusion. Mostly cartilagenous at 
birth.  
Interparietal Two main centers 
Fuses with parietals three to four years; with supraoccipital 
at about five years, but fussion time is quite variable and 
may be later than five years 
Parietal Each (left and right) has one center 
Parietals fuse across the midline at about four years; with 
the occipital at five years; with the squamous temporal at 12 
to 15 years. However, in some cases the parietal does not 
fuse at all with adjoining bones. 
Squamos temporal Each (left and right) has one center 
The squamos temporal elements fuse with each other or 
with parietals only in old age (if at all). 
Petrous temporal At least two centers in each 
A bone of peculiarly high density, the petrous temporal 
ossifies near the time of birth and fuses with adjoining 





One center in each bone; some 
may have small secondary centers 
May unite with adjoining bones in old age. Maxilla and 
other major facial bones continue to enlarge to accomodate 
the developement of the teeth, i.e. until after age five 
Frontal Each (left and right) has one center 
Frontals fuse with each other across the midline, or with the 
parietals, only in old age (if at all). 
Premaxilla One center in each (left and right) Left and right fuse across midline at about four years 
Nasal One center in each (left and right) Normally remain unfused 
Mandible Two centers in each branch 
The two centers coalesce before birth; the left and right 
branches unite at the symphysis at two to four months, 
although the union is not very firm until after five years. 
Mandible continues to enlarge to accommodate the 
development of the teeth, i.e. until after age five. 
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ANNEX B  
Graphical presentation of different features on horses heads described by Tellington-Jones 
and Taylor (2009) and their meaning. 
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ANNEX C 
Behavioural definitions of personality adjectives derived from Lloyd et al. (2007) for the 




Active Moves around a lot, does not like being still for long 
Aggressive Causes harm or potential harm to other individuals, both horse and human 
Apprehensive Seems to be anxious about everything, fears or avoids any kind of risk 
Confident Behaves in a positive, assured manner, not restrained, tentative 
Curious Readily explores new situations 
Eccentric Shows stereotypes, unusual mannerisms and exaggerated behavior 
Effective Gets own way, can control others, fairly dominant individual 
Equable Reacts to others in an even, calm way; not easily disturbed 
Excitable Over reacts to any change, easily excited, highly strung 
Fearful Retreats readily from others or from outside disturbances 
Insecure Hesitates to act alone; seeks reassurance from others 
Irritable Reacts negatively with little provocation 
Motherly Provides warm receptive secure base for others, is tender and caring 
Opportunistic Seizes a chance as soon as it arises 
Permissive Could, but does not interfere with behaviour of others 
Playful Initiates play and joins in when play is solicited 
Popular Sought out as a companion by others 
Protective Prevents harm or possible harm to others 
Slow 
Moves and rests in a relaxed manner, moves slowly and deliberately, not 
easily hurried 
Sociable Seeks companionship of others 
Solitary Spends a lot of time alone by choice 
Subordinate 
Gives in readily to others, submits easily and does not put up a fight to 
defend self 
Strong Depends upon sturdiness and muscular strength 
Tense Shows restraint in posture and movement; carries the body stiffly, which 
suggests a shrinking tendency, as if to pull back and be less conspicuous 
Understanding 
Responds in a discriminating and appropriate manner to the behaviour of 
others 
Suspicious Does not trust others readily (human and horse), trusts few individuals 
Reliable Can be trusted to do things or behaves well might also be considered a safe 
horse to be with 
Hardworking Keen to do well, behaves well during ‘work’, and concentrates on what it is 
being asked to do 
Stubborn Does not give in easily, not very cooperative 
Intelligent Learns new things easily/fast benefits from mental stimulation 
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ANNEX D 














Time needed to finish first repetition 
Time needed to finish second repetition 
Time needed to finish both repetitions 
Time needed for first three successful touches of the ball in first repetition 
Time needed for second three successful touches of the ball in first repetition 
Time needed for first three successful touches of the ball in second repetition 
Time needed for second three successful touches of the ball in second repetition 
Proportion of total time in which horse was investigating 
Proportion of time of first repetition in which horse was attentive 
Proportion of time of second repetition in which horse was attentive 
Proportion of total time in which horse was attenative 
Proportion of time of first repetition in which horse was curious 
Proportion of time of second repetition in which horse was curious 
Proportion of total time in which horse was curious 










Time needed to finish umbrella test in first repetition 
Time needed to finish umbrella test in second repetition 
Time needed to finish both umbrella test repetitions 
Total time while horse was trotting in first repetition in umbrella test 
Total time while horse was trotting in second repetition in umbrella test 
Total time while horse was galloping in first repetition in umbrella test 
Total time while horse was galloping in second repetition in umbrella test 
Total time while horse was jumping in first repetition in umbrella test 
Total time while horse was jumping in second repetition in umbrella test 
Total time while horse was moving nervously in first repetition in umbrella test 
Total time while horse was moving nervously in second repetition in umbrella test 
Total time while horse was trotting, galloping or moving nervously 
Total time while horse was standing still in first repetition in umbrella test 
Total time while horse was standing in seconding still repetition in umbrella test 
Total time while horse was moving backward in first repetition in umbrella test 
Total time while horse was moving backward in second repetition in umbrella test 
Total time while horse was standing still or moving backward 
Total time in first repetition of umbrella test in which horse was attentive 
Total time in second repetition of umbrella test in which horse was attentive 
Total time in first repetition of umbrella test in which horse was curious 
Total time in second repetition of umbrella test in which horse was curious 
Total time of umbrella test in which horse was attenative and curious 
Total time in first repetition of umbrella test in which horse was subordinated 
Total time in second repetition of umbrella test in which horse was subordinated 
Total time in first repetition of umbrella test in which horse was distrustful 
Total time in second repetition of umbrella test in which horse was distrustful 
Total time of umbrella test in which horse was subordinated and distrustful 
Proportion of time while horse was trotting, galloping, jumping or moving nervously 
Proportion of time while horse was standing still or moving backward 
Proportion of time of umbrella test in which horse was attenative and curious 
Proportion of time of umbrella test in which horse was subordinated and distrustful 
To be continued 
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Time of a bag test (it lasted 20 seconds) 
Total time while horse was trotting in first repetition in bag test 
Total time while horse was trotting in second repetition in bag test 
Total time while horse was galloping in first repetition in bag test 
Total time while horse was galloping in second repetition in bag test 
Total time while horse was jumping in first repetition in bag test 
Total time while horse was jumping in second repetition in bag test 
Total time while horse was moving nervously in first repetition in bag test 
Total time while horse was moving nervously in second repetition in bag test 
Total time while horse was trotting, galloping or moving nervously 
Total time while horse was standing still in first repetition in bag test 
Total time while horse was standing in second repetition in bag test 
Total time while horse was moving backward in first repetition in bag test 
Total time while horse was moving backward in second repetition in bag test 
Total time while horse was standing still or moving backward 
Total time in first repetition of bag test in which horse was attentive 
Total time in second repetition of bag test in which horse was attentive 
Total time in first repetition of bag test in which horse was curious 
Total time in second repetition of bag test in which horse was curious 
Total time of bag test in which horse was attenative and curious 
Total time in first repetition of bag test in which horse was subordinated 
Total time in second repetition of bag test in which horse was subordinated 
Total time in first repetition of bag test in which horse was distrustful 
Total time in second repetition of bag test in which horse was distrustful 
Total time of bag test in which horse was subordinated and distrustful 
Proportion of time of bag test in which horse was jumping, trotting, galloping or moving nervously 
Proportion of time of bag test in which horse was standing still or moving backward 
Proportion of time of bag test in which horse was attenative or curious 
Proportion of time of bag test in which horse was subordinated and distrustful 
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ANNEX E  
Results of segmentation of horses into four groups by basic dataset inforamtions from 
behavioural tests (BASIC_4), Tellington-Jones and Taylor method (TJ_4) and 
questionnaire results (QUEST_4) by applying standard clustering methodology and using a 
K-means algorithm 
ANIMAL BASIC_4 TJ_4 QUEST_4 
A01 C3 C3 C4 
A02 C4 C2 C2 
A03 C4 C2 C1 
A04 C2 C2 C1 
A05 C3 C2 C1 
B01 C2 C1 C2 
B02 C1 C2 C1 
B03 C1 C1 C3 
B04 C1 C1 C3 
B05 C3 C1 C2 
C01 C1 C1 C1 
C02 C4 C4 C1 
C03 C1 C3 C3 
C04 C4 C3 C2 
C05 C4 C2 C2 
C06 C2 C4 C2 
C07 C3 C3 C3 
C08 C3 C4 C4 
C09 C3 C3 C3 
C10 C2 C2 C1 
C11 C2 C2 C1 
C12 C1 C3 C2 
C14 C1 C3 C1 
D01 C1 C2 C2 
D02 C4 C3 C2 
D03 C4 C3 C4 
D04 C3 C1 C2 
D05 C4 C2 C4 
D06 C2 C3 C3 
D07 C3 C3 C4 
E01 C1 C1 C2 
E02 C1 C3 C2 
E03 C4 C4 C1 
E04 C4 C2 C1 
E05 C4 C4 C2 
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Table 1: Measurements and calculated coefficient of determination for predicting behaviours for all of the horses together 
ANNEX F 
Measurements and calculated coefficient of determination for predicting behaviours for all of the horses together and speciffic group. 
Marked with red are the highest values. 
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mean_BT 0.000 0.058 0.000 0.000 0.060 0.006 0.004 0.033 0.002 0.132 0.125 0.112 0.000 0.001 0.017 0.014 0.072 0.009 0.046 0.011 0.136 0.069
FB01 0.000 0.039 0.000 0.001 0.000 0.067 0.012 0.002 0.002 0.000 0.003 0.004 0.002 0.001 0.036 0.007 0.010 0.000 0.003 0.035 0.065 0.060
FB02 0.001 0.027 0.001 0.039 0.014 0.010 0.002 0.003 0.028 0.049 0.000 0.009 0.002 0.005 0.057 0.091 0.002 0.048 0.019 0.000 0.030 0.008
FB03 0.014 0.001 0.017 0.001 0.006 0.001 0.018 0.000 0.000 0.003 0.077 0.037 0.019 0.016 0.064 0.006 0.141 0.112 0.162 0.015 0.001 0.007
FB04 0.000 0.031 0.000 0.000 0.015 0.013 0.003 0.075 0.003 0.009 0.020 0.028 0.003 0.002 0.097 0.008 0.049 0.068 0.072 0.067 0.002 0.014
FB05 0.003 0.066 0.003 0.000 0.018 0.045 0.000 0.072 0.003 0.072 0.007 0.071 0.030 0.032 0.242 0.002 0.153 0.142 0.188 0.127 0.028 0.085
FB06 0.020 0.139 0.020 0.001 0.054 0.074 0.002 0.033 0.070 0.003 0.000 0.000 0.016 0.002 0.069 0.001 0.101 0.123 0.140 0.045 0.022 0.040
FB07 0.031 0.014 0.024 0.008 0.028 0.000 0.025 0.059 0.026 0.083 0.032 0.085 0.003 0.000 0.001 0.002 0.016 0.018 0.022 0.002 0.019 0.002
FB08 0.044 0.094 0.015 0.097 0.046 0.040 0.032 0.001 0.004 0.008 0.010 0.007 0.049 0.043 0.104 0.012 0.099 0.172 0.163 0.005 0.010 0.000
FB09 0.001 0.002 0.004 0.013 0.000 0.001 0.055 0.001 0.016 0.011 0.014 0.000 0.036 0.007 0.020 0.002 0.015 0.000 0.005 0.047 0.000 0.017
FB10 0.002 0.020 0.005 0.006 0.025 0.001 0.038 0.003 0.010 0.000 0.042 0.013 0.101 0.082 0.081 0.008 0.049 0.151 0.110 0.058 0.061 0.073
FB11 0.068 0.070 0.033 0.086 0.054 0.015 0.047 0.022 0.017 0.006 0.001 0.076 0.039 0.023 0.025 0.021 0.004 0.031 0.016 0.102 0.009 0.054
FB12 0.005 0.021 0.014 0.019 0.000 0.049 0.062 0.019 0.187 0.005 0.042 0.008 0.077 0.054 0.082 0.012 0.160 0.356 0.300 0.127 0.038 0.095
FB13 0.013 0.011 0.010 0.005 0.002 0.009 0.036 0.002 0.032 0.009 0.022 0.020 0.108 0.088 0.005 0.058 0.002 0.035 0.014 0.087 0.005 0.042
FB14 0.005 0.073 0.002 0.005 0.025 0.043 0.002 0.043 0.011 0.050 0.002 0.130 0.034 0.012 0.029 0.000 0.039 0.008 0.028 0.037 0.004 0.005
FB15 0.000 0.042 0.000 0.004 0.035 0.008 0.022 0.021 0.007 0.022 0.017 0.055 0.043 0.020 0.030 0.002 0.081 0.061 0.091 0.096 0.002 0.022
FB16 0.003 0.103 0.003 0.000 0.039 0.056 0.027 0.022 0.011 0.034 0.054 0.048 0.041 0.022 0.082 0.000 0.204 0.098 0.194 0.148 0.010 0.073
FB17 0.030 0.055 0.035 0.001 0.022 0.034 0.085 0.006 0.007 0.001 0.012 0.156 0.000 0.000 0.041 0.070 0.154 0.093 0.160 0.000 0.002 0.001
FB18 0.015 0.013 0.025 0.011 0.001 0.021 0.041 0.004 0.010 0.004 0.001 0.116 0.017 0.010 0.105 0.127 0.060 0.083 0.089 0.001 0.011 0.006
FB19 0.013 0.028 0.008 0.008 0.001 0.054 0.036 0.006 0.004 0.044 0.015 0.045 0.000 0.001 0.115 0.070 0.011 0.116 0.056 0.000 0.020 0.008
FB20 0.000 0.018 0.002 0.024 0.012 0.005 0.000 0.002 0.011 0.002 0.044 0.187 0.022 0.037 0.025 0.347 0.000 0.033 0.009 0.025 0.049 0.044
FB21 0.015 0.000 0.022 0.004 0.005 0.011 0.039 0.044 0.010 0.001 0.008 0.001 0.068 0.028 0.009 0.118 0.000 0.001 0.000 0.029 0.004 0.017
FB22 0.000 0.050 0.000 0.000 0.020 0.026 0.005 0.010 0.003 0.001 0.020 0.014 0.025 0.026 0.235 0.008 0.119 0.148 0.167 0.036 0.007 0.024
FB23 0.004 0.000 0.008 0.006 0.000 0.002 0.006 0.001 0.040 0.001 0.006 0.002 0.001 0.000 0.004 0.000 0.019 0.025 0.027 0.032 0.006 0.021
FB24 0.001 0.000 0.000 0.003 0.005 0.004 0.007 0.000 0.001 0.000 0.000 0.004 0.029 0.023 0.010 0.052 0.019 0.024 0.027 0.011 0.005 0.010
FB25 0.013 0.004 0.025 0.016 0.006 0.000 0.032 0.039 0.003 0.083 0.003 0.050 0.011 0.006 0.028 0.008 0.009 0.048 0.028 0.019 0.010 0.017
FB26 0.002 0.002 0.002 0.000 0.021 0.044 0.001 0.004 0.010 0.004 0.064 0.004 0.008 0.001 0.030 0.003 0.057 0.007 0.037 0.003 0.042 0.007
FB27 0.031 0.081 0.031 0.001 0.020 0.060 0.009 0.003 0.001 0.003 0.011 0.015 0.006 0.007 0.231 0.005 0.092 0.064 0.100 0.018 0.001 0.003
FB28 0.003 0.000 0.002 0.001 0.063 0.069 0.066 0.001 0.009 0.027 0.008 0.002 0.165 0.091 0.005 0.211 0.001 0.000 0.000 0.070 0.043 0.068
FB29 0.000 0.002 0.000 0.000 0.032 0.065 0.075 0.002 0.001 0.021 0.018 0.007 0.129 0.085 0.017 0.202 0.001 0.002 0.001 0.066 0.031 0.058
FB30 0.050 0.087 0.041 0.010 0.034 0.047 0.019 0.009 0.003 0.010 0.024 0.087 0.027 0.036 0.008 0.068 0.016 0.013 0.018 0.089 0.002 0.036
FB31 0.000 0.056 0.004 0.068 0.000 0.105 0.006 0.030 0.000 0.080 0.125 0.001 0.001 0.001 0.009 0.002 0.017 0.175 0.084 0.020 0.002 0.011
FB32 0.001 0.001 0.001 0.000 0.000 0.000 0.046 0.004 0.007 0.000 0.059 0.008 0.020 0.033 0.003 0.037 0.033 0.094 0.071 0.033 0.000 0.013
FH01 0.007 0.075 0.003 0.012 0.003 0.193 0.017 0.004 0.026 0.046 0.004 0.162 0.000 0.003 0.170 0.048 0.179 0.322 0.300 0.020 0.060 0.046
FH02 0.113 0.001 0.110 0.004 0.001 0.000 0.006 0.197 0.007 0.224 0.000 0.033 0.050 0.036 0.064 0.005 0.068 0.093 0.099 0.013 0.005 0.011
FH03 0.081 0.058 0.084 0.000 0.043 0.013 0.009 0.026 0.022 0.001 0.002 0.036 0.026 0.009 0.018 0.007 0.001 0.040 0.014 0.003 0.001 0.002
FH04 0.036 0.000 0.063 0.031 0.000 0.000 0.031 0.030 0.065 0.002 0.002 0.072 0.069 0.045 0.016 0.000 0.024 0.081 0.057 0.001 0.009 0.001
FH05 0.019 0.015 0.020 0.000 0.005 0.010 0.007 0.018 0.090 0.052 0.013 0.000 0.022 0.004 0.000 0.000 0.006 0.006 0.000 0.007 0.048 0.005
FH06 0.002 0.000 0.004 0.004 0.007 0.007 0.006 0.000 0.002 0.003 0.012 0.036 0.035 0.022 0.016 0.057 0.038 0.045 0.052 0.013 0.024 0.023
FH07 0.012 0.019 0.027 0.024 0.006 0.075 0.036 0.003 0.001 0.001 0.055 0.000 0.023 0.026 0.054 0.001 0.005 0.017 0.012 0.006 0.000 0.001
FH08 0.082 0.001 0.073 0.008 0.048 0.034 0.034 0.048 0.023 0.011 0.013 0.000 0.038 0.015 0.007 0.006 0.042 0.013 0.034 0.107 0.021 0.069
FH09 0.000 0.004 0.008 0.061 0.013 0.041 0.021 0.012 0.154 0.015 0.006 0.006 0.014 0.002 0.016 0.014 0.047 0.016 0.040 0.084 0.123 0.126
FH10 0.004 0.044 0.001 0.007 0.016 0.181 0.038 0.005 0.039 0.005 0.009 0.109 0.002 0.023 0.003 0.038 0.000 0.003 0.001 0.006 0.033 0.020
FH11 0.022 0.229 0.009 0.042 0.060 0.166 0.013 0.006 0.023 0.029 0.045 0.056 0.095 0.042 0.098 0.001 0.010 0.020 0.018 0.101 0.029 0.074
FH12 0.006 0.000 0.019 0.034 0.002 0.003 0.011 0.078 0.005 0.021 0.009 0.044 0.000 0.002 0.035 0.000 0.016 0.008 0.015 0.010 0.000 0.004
FH13 0.017 0.059 0.020 0.000 0.009 0.057 0.002 0.055 0.017 0.087 0.004 0.033 0.023 0.011 0.094 0.003 0.111 0.159 0.166 0.070 0.059 0.079
FH14 0.016 0.055 0.035 0.034 0.022 0.029 0.009 0.025 0.005 0.000 0.001 0.014 0.061 0.044 0.103 0.005 0.015 0.014 0.018 0.011 0.068 0.040
FH15 0.019 0.106 0.032 0.014 0.046 0.052 0.002 0.005 0.010 0.003 0.021 0.058 0.034 0.058 0.052 0.012 0.008 0.000 0.003 0.006 0.012 0.011
FH16 0.001 0.017 0.008 0.036 0.002 0.053 0.022 0.024 0.107 0.047 0.008 0.089 0.066 0.043 0.065 0.001 0.129 0.192 0.197 0.034 0.102 0.077
FH17 0.002 0.103 0.010 0.026 0.004 0.143 0.011 0.052 0.119 0.023 0.002 0.072 0.116 0.073 0.068 0.004 0.103 0.176 0.168 0.082 0.078 0.099
FH18 0.056 0.053 0.057 0.001 0.041 0.012 0.014 0.013 0.015 0.026 0.025 0.098 0.001 0.000 0.022 0.041 0.057 0.038 0.061 0.003 0.001 0.002
FH19 0.041 0.023 0.037 0.004 0.012 0.010 0.001 0.013 0.035 0.017 0.006 0.000 0.023 0.027 0.000 0.019 0.008 0.042 0.002 0.014 0.000 0.006
FH20 0.001 0.019 0.001 0.000 0.010 0.087 0.003 0.003 0.008 0.001 0.069 0.011 0.062 0.063 0.054 0.034 0.137 0.150 0.181 0.004 0.007 0.006
FH21 0.007 0.088 0.009 0.000 0.012 0.274 0.017 0.000 0.022 0.038 0.010 0.049 0.003 0.001 0.041 0.005 0.047 0.163 0.113 0.019 0.102 0.064
TARGET TRAINING TEST UMBRELLA TEST BAG TEST
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Continuation of Table 1 
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HMP1 0.012 0.039 0.023 0.013 0.011 0.147 0.001 0.024 0.204 0.073 0.021 0.042 0.033 0.016 0.009 0.019 0.025 0.117 0.072 0.079 0.172 0.149
HMP2 0.019 0.051 0.031 0.010 0.012 0.185 0.013 0.015 0.259 0.055 0.016 0.048 0.041 0.017 0.000 0.030 0.016 0.107 0.058 0.067 0.156 0.132
HMP3 0.050 0.027 0.071 0.012 0.015 0.127 0.027 0.009 0.225 0.029 0.024 0.019 0.040 0.020 0.000 0.036 0.004 0.058 0.006 0.043 0.156 0.111
HMP4 0.113 0.012 0.134 0.003 0.004 0.048 0.068 0.000 0.106 0.007 0.009 0.014 0.016 0.015 0.014 0.073 0.045 0.000 0.018 0.007 0.026 0.018
HMP5 0.026 0.010 0.044 0.019 0.041 0.122 0.010 0.001 0.195 0.004 0.021 0.015 0.001 0.000 0.004 0.000 0.004 0.074 0.030 0.015 0.099 0.059
HMP6 0.001 0.007 0.002 0.001 0.045 0.011 0.013 0.013 0.002 0.015 0.013 0.029 0.005 0.000 0.007 0.004 0.008 0.001 0.002 0.014 0.003 0.001
HMP7 0.022 0.033 0.029 0.004 0.039 0.002 0.004 0.028 0.051 0.021 0.022 0.065 0.028 0.008 0.011 0.006 0.005 0.002 0.005 0.043 0.000 0.015
HMP8 0.004 0.020 0.012 0.021 0.020 0.003 0.011 0.000 0.056 0.021 0.012 0.030 0.030 0.023 0.000 0.001 0.008 0.024 0.018 0.049 0.031 0.049
HMP9 0.015 0.000 0.031 0.026 0.029 0.035 0.008 0.039 0.052 0.019 0.006 0.007 0.022 0.011 0.026 0.028 0.001 0.002 0.000 0.001 0.005 0.003
HMP10 0.000 0.033 0.000 0.000 0.119 0.012 0.014 0.091 0.003 0.058 0.009 0.000 0.076 0.037 0.002 0.028 0.003 0.004 0.005 0.017 0.043 0.035
HMP11 0.009 0.005 0.017 0.009 0.027 0.005 0.007 0.077 0.073 0.102 0.067 0.173 0.003 0.000 0.003 0.000 0.019 0.000 0.009 0.003 0.001 0.002
HMP12 0.019 0.038 0.030 0.008 0.046 0.002 0.000 0.004 0.207 0.021 0.026 0.030 0.008 0.001 0.050 0.001 0.000 0.005 0.001 0.003 0.014 0.009
HMP13 0.062 0.000 0.112 0.061 0.004 0.002 0.052 0.000 0.333 0.015 0.015 0.095 0.011 0.029 0.051 0.011 0.036 0.015 0.032 0.008 0.006 0.009
HMP14 0.014 0.021 0.005 0.027 0.034 0.000 0.000 0.007 0.019 0.003 0.008 0.005 0.000 0.002 0.003 0.000 0.069 0.024 0.058 0.004 0.008 0.007
HMP15 0.025 0.003 0.061 0.070 0.051 0.027 0.037 0.035 0.133 0.001 0.025 0.012 0.002 0.002 0.013 0.001 0.031 0.044 0.046 0.016 0.004 0.001
HMP16 0.047 0.002 0.028 0.038 0.046 0.029 0.002 0.005 0.051 0.006 0.001 0.005 0.000 0.003 0.000 0.007 0.012 0.000 0.006 0.026 0.002 0.005
HMP17 0.132 0.077 0.072 0.132 0.113 0.001 0.010 0.008 0.126 0.041 0.015 0.028 0.040 0.055 0.008 0.015 0.019 0.054 0.041 0.001 0.001 0.001
HMP18 0.124 0.054 0.088 0.054 0.064 0.003 0.009 0.034 0.075 0.006 0.001 0.021 0.030 0.060 0.001 0.007 0.080 0.021 0.062 0.007 0.038 0.004
HMP19 0.047 0.002 0.028 0.038 0.046 0.029 0.002 0.005 0.051 0.006 0.001 0.005 0.000 0.003 0.000 0.007 0.012 0.000 0.006 0.026 0.002 0.005
HMP20 0.178 0.001 0.220 0.009 0.007 0.002 0.011 0.003 0.001 0.001 0.001 0.002 0.001 0.004 0.000 0.013 0.000 0.016 0.003 0.000 0.014 0.003
HMP21 0.013 0.016 0.019 0.004 0.013 0.003 0.014 0.006 0.071 0.005 0.009 0.019 0.002 0.002 0.002 0.009 0.015 0.000 0.007 0.023 0.002 0.013
HMP22 0.036 0.003 0.042 0.001 0.000 0.004 0.000 0.001 0.099 0.000 0.001 0.002 0.019 0.009 0.003 0.031 0.006 0.000 0.002 0.033 0.003 0.018
HMP23 0.022 0.000 0.033 0.009 0.000 0.000 0.002 0.000 0.098 0.005 0.001 0.010 0.034 0.012 0.003 0.016 0.000 0.000 0.000 0.081 0.000 0.028
HMP24 0.010 0.002 0.025 0.028 0.002 0.001 0.001 0.002 0.124 0.030 0.010 0.049 0.047 0.021 0.000 0.001 0.020 0.011 0.020 0.073 0.017 0.050
HMP25 0.001 0.005 0.004 0.016 0.052 0.021 0.006 0.001 0.005 0.023 0.000 0.038 0.001 0.001 0.010 0.005 0.005 0.000 0.002 0.012 0.000 0.003
HMP26 0.013 0.010 0.013 0.000 0.005 0.004 0.015 0.007 0.037 0.020 0.006 0.046 0.000 0.000 0.010 0.006 0.034 0.004 0.021 0.013 0.001 0.003
HMP27 0.014 0.007 0.016 0.000 0.006 0.001 0.009 0.000 0.068 0.005 0.000 0.017 0.000 0.000 0.017 0.025 0.022 0.000 0.010 0.012 0.000 0.005
HMP28 0.006 0.000 0.003 0.008 0.000 0.000 0.026 0.006 0.009 0.005 0.004 0.020 0.000 0.002 0.027 0.017 0.030 0.009 0.024 0.014 0.005 0.001
HMP29 0.000 0.008 0.000 0.005 0.013 0.000 0.046 0.004 0.002 0.009 0.008 0.035 0.001 0.001 0.016 0.009 0.007 0.003 0.001 0.007 0.000 0.002
HMP30 0.002 0.052 0.004 0.002 0.105 0.001 0.001 0.012 0.002 0.000 0.001 0.004 0.003 0.002 0.012 0.001 0.001 0.003 0.002 0.030 0.004 0.018
HMP31 0.022 0.005 0.028 0.002 0.015 0.001 0.005 0.011 0.060 0.006 0.021 0.017 0.012 0.011 0.001 0.018 0.014 0.001 0.008 0.071 0.003 0.033
HMP32 0.053 0.001 0.054 0.001 0.001 0.000 0.001 0.002 0.070 0.001 0.003 0.000 0.041 0.028 0.003 0.048 0.011 0.001 0.007 0.082 0.006 0.041
HMP33 0.028 0.006 0.035 0.001 0.005 0.002 0.002 0.001 0.055 0.010 0.004 0.020 0.048 0.027 0.005 0.019 0.003 0.004 0.004 0.128 0.002 0.050
HMP34 0.010 0.019 0.018 0.009 0.032 0.000 0.001 0.000 0.061 0.045 0.001 0.068 0.041 0.028 0.002 0.000 0.003 0.000 0.002 0.074 0.029 0.060
HMP35 0.000 0.004 0.000 0.007 0.096 0.055 0.001 0.005 0.001 0.025 0.006 0.035 0.002 0.001 0.022 0.014 0.000 0.004 0.001 0.045 0.001 0.011
HMP36 0.023 0.005 0.025 0.000 0.014 0.001 0.002 0.015 0.040 0.025 0.025 0.049 0.005 0.003 0.004 0.017 0.022 0.002 0.013 0.056 0.001 0.013
HMP37 0.031 0.007 0.039 0.002 0.031 0.004 0.000 0.001 0.105 0.010 0.013 0.022 0.013 0.004 0.008 0.058 0.008 0.002 0.001 0.067 0.000 0.021
HMP38 0.018 0.001 0.015 0.002 0.018 0.011 0.002 0.001 0.024 0.011 0.003 0.028 0.008 0.000 0.011 0.045 0.007 0.001 0.004 0.075 0.014 0.008
HMP39 0.006 0.000 0.006 0.000 0.003 0.006 0.012 0.000 0.031 0.023 0.066 0.070 0.006 0.000 0.003 0.035 0.003 0.032 0.015 0.055 0.007 0.007
HMP40 0.003 0.015 0.003 0.000 0.070 0.012 0.003 0.010 0.002 0.000 0.001 0.001 0.008 0.009 0.011 0.002 0.003 0.008 0.006 0.059 0.010 0.036
HMP41 0.029 0.036 0.045 0.013 0.086 0.002 0.001 0.014 0.026 0.030 0.024 0.020 0.001 0.002 0.044 0.001 0.000 0.004 0.001 0.001 0.011 0.005
HMP42 0.083 0.003 0.098 0.002 0.085 0.052 0.084 0.001 0.001 0.002 0.008 0.001 0.007 0.006 0.083 0.013 0.023 0.032 0.034 0.055 0.008 0.033
HMP43 0.038 0.007 0.045 0.001 0.030 0.088 0.030 0.024 0.000 0.004 0.001 0.005 0.000 0.001 0.015 0.058 0.002 0.014 0.008 0.066 0.006 0.036
HMP44 0.074 0.000 0.087 0.001 0.068 0.079 0.000 0.003 0.008 0.000 0.000 0.032 0.002 0.002 0.033 0.015 0.002 0.011 0.007 0.027 0.006 0.018
HMP45 0.003 0.000 0.015 0.050 0.006 0.003 0.000 0.000 0.148 0.008 0.005 0.002 0.002 0.005 0.010 0.003 0.001 0.027 0.010 0.008 0.013 0.013
HMP46 0.004 0.001 0.019 0.053 0.008 0.004 0.002 0.000 0.146 0.003 0.007 0.002 0.000 0.001 0.020 0.000 0.001 0.020 0.008 0.005 0.003 0.004
HMP47 0.027 0.004 0.050 0.027 0.015 0.002 0.003 0.002 0.203 0.000 0.053 0.011 0.041 0.038 0.014 0.040 0.000 0.033 0.009 0.020 0.060 0.045
HMP48 0.016 0.000 0.038 0.043 0.011 0.018 0.001 0.002 0.128 0.000 0.018 0.001 0.022 0.019 0.015 0.025 0.005 0.005 0.000 0.024 0.016 0.024
HMP49 0.021 0.045 0.040 0.026 0.031 0.012 0.003 0.005 0.107 0.009 0.000 0.008 0.003 0.001 0.039 0.001 0.024 0.012 0.023 0.012 0.002 0.007
HMP50 0.028 0.004 0.048 0.020 0.009 0.036 0.057 0.014 0.154 0.022 0.007 0.019 0.014 0.017 0.010 0.013 0.001 0.025 0.003 0.001 0.001 0.001
HMP51 0.000 0.007 0.002 0.052 0.020 0.001 0.000 0.043 0.004 0.126 0.070 0.056 0.001 0.005 0.041 0.009 0.127 0.009 0.075 0.002 0.015 0.008
HMP52 0.005 0.002 0.001 0.015 0.001 0.011 0.000 0.028 0.007 0.178 0.002 0.027 0.002 0.003 0.014 0.000 0.271 0.021 0.160 0.000 0.018 0.004
HMP53 0.000 0.008 0.000 0.001 0.002 0.029 0.003 0.061 0.029 0.091 0.073 0.011 0.008 0.000 0.046 0.002 0.090 0.001 0.041 0.000 0.007 0.002
HMP54 0.001 0.003 0.001 0.060 0.071 0.124 0.015 0.035 0.065 0.014 0.027 0.008 0.039 0.013 0.017 0.040 0.010 0.006 0.001 0.002 0.000 0.000
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HMP55 0.003 0.000 0.005 0.004 0.005 0.007 0.000 0.069 0.005 0.091 0.036 0.028 0.032 0.005 0.031 0.002 0.168 0.004 0.083 0.001 0.004 0.003
HMP56 0.021 0.006 0.019 0.002 0.022 0.070 0.000 0.060 0.004 0.002 0.057 0.013 0.070 0.034 0.033 0.010 0.016 0.003 0.003 0.003 0.003 0.000
HMP57 0.046 0.002 0.053 0.001 0.003 0.000 0.001 0.110 0.076 0.125 0.046 0.022 0.014 0.016 0.116 0.002 0.017 0.021 0.000 0.010 0.010 0.012
HMP58 0.004 0.013 0.004 0.000 0.008 0.004 0.047 0.012 0.033 0.063 0.018 0.029 0.002 0.010 0.040 0.003 0.020 0.001 0.010 0.011 0.038 0.002
HMP59 0.010 0.000 0.018 0.010 0.012 0.012 0.003 0.006 0.042 0.033 0.017 0.001 0.022 0.004 0.017 0.016 0.067 0.010 0.045 0.002 0.012 0.001
HMP60 0.001 0.010 0.006 0.026 0.013 0.000 0.007 0.031 0.005 0.024 0.014 0.015 0.049 0.007 0.042 0.004 0.153 0.024 0.105 0.001 0.001 0.002
HMP61 0.045 0.129 0.060 0.006 0.061 0.056 0.002 0.006 0.010 0.059 0.000 0.003 0.001 0.001 0.007 0.002 0.024 0.030 0.033 0.024 0.092 0.064
HMP62 0.141 0.022 0.175 0.007 0.111 0.021 0.000 0.000 0.007 0.003 0.006 0.001 0.001 0.000 0.018 0.033 0.000 0.010 0.002 0.000 0.000 0.000
HMP63 0.014 0.012 0.012 0.001 0.012 0.072 0.000 0.011 0.004 0.002 0.019 0.020 0.000 0.000 0.136 0.005 0.025 0.065 0.051 0.001 0.019 0.009
HMP64 0.021 0.034 0.041 0.028 0.002 0.095 0.008 0.023 0.022 0.002 0.000 0.089 0.000 0.004 0.000 0.007 0.003 0.002 0.003 0.033 0.011 0.026
HMP65 0.041 0.040 0.032 0.011 0.099 0.003 0.002 0.021 0.002 0.024 0.113 0.069 0.002 0.004 0.041 0.007 0.063 0.082 0.090 0.003 0.001 0.002
HMP66 0.087 0.003 0.094 0.000 0.034 0.016 0.004 0.003 0.058 0.038 0.005 0.103 0.013 0.007 0.078 0.065 0.032 0.016 0.031 0.006 0.001 0.001
HMP67 0.036 0.048 0.022 0.029 0.087 0.000 0.014 0.003 0.007 0.010 0.014 0.013 0.088 0.058 0.011 0.108 0.059 0.015 0.045 0.019 0.008 0.015
HMP68 0.005 0.000 0.005 0.000 0.008 0.004 0.005 0.010 0.002 0.021 0.013 0.009 0.043 0.029 0.013 0.100 0.058 0.014 0.044 0.008 0.000 0.004
HMP69 0.085 0.060 0.093 0.000 0.064 0.005 0.026 0.000 0.035 0.003 0.004 0.001 0.016 0.004 0.049 0.024 0.017 0.037 0.031 0.041 0.002 0.007
HMP70 0.054 0.014 0.072 0.007 0.038 0.002 0.002 0.000 0.037 0.003 0.029 0.011 0.000 0.002 0.046 0.005 0.014 0.014 0.018 0.033 0.002 0.006
HMP80 0.004 0.014 0.008 0.005 0.001 0.017 0.000 0.001 0.021 0.001 0.060 0.001 0.005 0.000 0.020 0.005 0.019 0.011 0.019 0.064 0.000 0.019
HMP81 0.133 0.001 0.209 0.063 0.001 0.000 0.030 0.020 0.145 0.051 0.010 0.003 0.036 0.065 0.068 0.021 0.004 0.002 0.004 0.016 0.000 0.007
HMP82 0.000 0.001 0.003 0.009 0.053 0.043 0.045 0.005 0.097 0.005 0.001 0.041 0.011 0.001 0.020 0.003 0.042 0.004 0.010 0.002 0.026 0.013
HMP83 0.004 0.004 0.005 0.000 0.000 0.006 0.072 0.029 0.000 0.002 0.029 0.005 0.011 0.010 0.007 0.080 0.017 0.015 0.021 0.003 0.002 0.003
HMP84 0.004 0.006 0.008 0.005 0.000 0.014 0.042 0.045 0.029 0.033 0.000 0.007 0.029 0.041 0.004 0.117 0.001 0.005 0.003 0.005 0.000 0.002
HMP85 0.081 0.009 0.066 0.017 0.008 0.001 0.002 0.017 0.001 0.099 0.004 0.039 0.025 0.012 0.027 0.045 0.058 0.064 0.077 0.009 0.059 0.006
HMP86 0.109 0.000 0.142 0.011 0.016 0.016 0.001 0.002 0.030 0.033 0.078 0.000 0.071 0.056 0.012 0.048 0.005 0.009 0.008 0.052 0.015 0.038
HMP87 0.011 0.001 0.000 0.093 0.013 0.026 0.050 0.005 0.038 0.004 0.012 0.000 0.014 0.017 0.006 0.008 0.127 0.022 0.089 0.004 0.003 0.000
HMP88 0.066 0.008 0.054 0.013 0.005 0.039 0.102 0.033 0.011 0.102 0.004 0.030 0.000 0.000 0.038 0.037 0.068 0.061 0.082 0.056 0.082 0.084
HMP89 0.033 0.005 0.039 0.000 0.000 0.014 0.047 0.036 0.000 0.097 0.006 0.015 0.003 0.002 0.048 0.018 0.009 0.029 0.021 0.036 0.084 0.070
HMP90 0.105 0.032 0.075 0.044 0.047 0.000 0.051 0.034 0.034 0.009 0.009 0.002 0.029 0.048 0.005 0.008 0.159 0.026 0.110 0.002 0.011 0.001
HMP91 0.129 0.029 0.062 0.169 0.114 0.014 0.000 0.031 0.134 0.003 0.002 0.001 0.018 0.071 0.000 0.008 0.281 0.081 0.226 0.010 0.007 0.000
HMP92 0.018 0.002 0.028 0.009 0.023 0.047 0.000 0.204 0.021 0.099 0.066 0.001 0.001 0.014 0.008 0.001 0.093 0.002 0.029 0.005 0.011 0.000
HMP93 0.159 0.060 0.073 0.224 0.223 0.024 0.023 0.003 0.185 0.007 0.054 0.003 0.036 0.057 0.018 0.021 0.141 0.105 0.157 0.000 0.002 0.000
HMP94 0.063 0.070 0.018 0.177 0.110 0.000 0.018 0.020 0.077 0.001 0.001 0.004 0.033 0.052 0.006 0.025 0.055 0.032 0.056 0.011 0.011 0.013
HMP95 0.169 0.070 0.079 0.236 0.183 0.007 0.001 0.009 0.177 0.007 0.010 0.006 0.020 0.046 0.001 0.016 0.109 0.111 0.139 0.001 0.009 0.005
HMP96 0.003 0.065 0.000 0.048 0.042 0.019 0.012 0.000 0.047 0.001 0.028 0.008 0.111 0.127 0.025 0.026 0.006 0.018 0.013 0.006 0.001 0.004
HMP97 0.184 0.059 0.093 0.218 0.145 0.004 0.001 0.001 0.081 0.006 0.062 0.069 0.002 0.004 0.047 0.014 0.122 0.114 0.150 0.018 0.007 0.014
Basal_1 0.000 0.010 0.004 0.024 0.014 0.000 0.022 0.062 0.002 0.018 0.209 0.011 0.038 0.039 0.013 0.065 0.001 0.140 0.028 0.021 0.079 0.055
Basal_2 0.001 0.029 0.003 0.003 0.047 0.000 0.000 0.066 0.097 0.010 0.215 0.005 0.017 0.013 0.008 0.004 0.005 0.127 0.049 0.023 0.021 0.000
HR_b 0.001 0.024 0.005 0.014 0.037 0.000 0.007 0.084 0.044 0.018 0.277 0.010 0.035 0.032 0.013 0.032 0.001 0.174 0.049 0.000 0.058 0.016
SDNN_m 0.004 0.082 0.011 0.018 0.010 0.084 0.000 0.001 0.002 0.013 0.002 0.068 0.000 0.003 0.002 0.012 0.004 0.002 0.003 0.033 0.039 0.045
MeanHR_m 0.022 0.000 0.010 0.034 0.002 0.001 0.017 0.056 0.001 0.032 0.170 0.026 0.015 0.001 0.001 0.061 0.020 0.044 0.000 0.001 0.002 0.000
RMSSD_m 0.003 0.004 0.004 0.000 0.003 0.001 0.004 0.025 0.002 0.006 0.002 0.005 0.000 0.027 0.048 0.007 0.011 0.006 0.011 0.016 0.002 0.002
NN50_m 0.033 0.003 0.030 0.003 0.002 0.001 0.032 0.086 0.000 0.066 0.019 0.001 0.001 0.002 0.109 0.027 0.018 0.002 0.011 0.026 0.011 0.022
VLF_m 0.002 0.063 0.008 0.019 0.013 0.051 0.000 0.002 0.002 0.027 0.007 0.084 0.000 0.000 0.002 0.016 0.010 0.003 0.008 0.026 0.040 0.040
LF_m 0.014 0.007 0.011 0.005 0.000 0.016 0.000 0.045 0.003 0.003 0.001 0.009 0.000 0.005 0.100 0.025 0.059 0.023 0.052 0.009 0.007 0.000
HF_m 0.018 0.013 0.008 0.025 0.015 0.001 0.046 0.033 0.007 0.011 0.014 0.003 0.000 0.006 0.123 0.024 0.017 0.000 0.008 0.031 0.003 0.016
LFHF_m 0.003 0.000 0.008 0.010 0.037 0.036 0.123 0.020 0.041 0.002 0.000 0.000 0.047 0.048 0.002 0.030 0.036 0.027 0.041 0.024 0.000 0.010
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Table 2: Measurements and calculated coefficient of determination for predicting behaviours for behaviours for group C1  
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mean_BT 0.0001 0.1108 0.0023 0.0237 0.0973 0.1065 0.6242 0.0058 0.0533 0.0020 0.2049 0.3305 0.0357 0.1301 0.1427 0.0013 0.0007 0.1211 0.0294 0.0055 0.1716 0.0457
FB01 0.0001 0.0123 0.0002 0.0081 0.0297 0.0042 0.1091 0.3078 0.2255 0.3325 0.0270 0.2684 0.2582 0.0113 0.0777 0.3067 0.0818 0.1434 0.1785 0.0828 0.1038 0.1086
FB02 0.0205 0.4988 0.0029 0.6086 0.5191 0.4289 0.0297 0.0012 0.0759 0.0016 0.1936 0.2110 0.0053 0.1778 0.0000 0.0658 0.2627 0.2058 0.0182 0.0001 0.0200 0.0024
FB03 0.0786 0.0041 0.0689 0.0014 0.0045 0.0034 0.0291 0.1689 0.1252 0.1324 0.0041 0.2421 0.0350 0.5469 0.0771 0.0001 0.0043 0.0815 0.0116 0.0320 0.0022 0.0211
FB04 0.0295 0.0295 0.0074 0.1051 0.0675 0.0110 0.0978 0.0424 0.0133 0.0308 0.0000 0.2450 0.2080 0.4079 0.0162 0.0970 0.0663 0.3683 0.0198 0.1377 0.1045 0.1513
FB05 0.0464 0.0006 0.0273 0.0312 0.0013 0.0002 0.0012 0.0668 0.0300 0.0417 0.0120 0.0966 0.1725 0.7191 0.0767 0.0341 0.1182 0.1691 0.0010 0.0998 0.0293 0.0845
FB06 0.1097 0.0031 0.1286 0.0231 0.0028 0.0149 0.0720 0.0247 0.0107 0.0517 0.1060 0.6029 0.0138 0.0237 0.1626 0.0062 0.0687 0.0021 0.0293 0.0499 0.2042 0.1118
FB07 0.0322 0.1214 0.0057 0.1580 0.0736 0.1425 0.0097 0.0239 0.1584 0.1272 0.0169 0.0704 0.0067 0.3288 0.2055 0.0003 0.0590 0.0787 0.0008 0.0087 0.0282 0.0000
FB08 0.1355 0.1371 0.1007 0.0256 0.0850 0.1592 0.1250 0.0001 0.2755 0.1817 0.1458 0.0692 0.0200 0.4578 0.0253 0.0001 0.0002 0.3004 0.0968 0.1162 0.0094 0.0782
FB09 0.0010 0.0335 0.0082 0.0579 0.1301 0.0033 0.1281 0.0360 0.0849 0.0213 0.2791 0.0217 0.3585 0.0178 0.0076 0.5361 0.0283 0.0016 0.0108 0.2466 0.0372 0.1826
FB10 0.0741 0.1009 0.0582 0.0084 0.0500 0.1291 0.0698 0.0782 0.0106 0.0049 0.0004 0.3217 0.0953 0.2001 0.1412 0.0044 0.1375 0.2279 0.2919 0.1569 0.0064 0.0975
FB11 0.0230 0.0035 0.0103 0.0336 0.0214 0.0000 0.0217 0.0200 0.0716 0.0832 0.0226 0.1381 0.2849 0.5727 0.0848 0.1777 0.0069 0.2303 0.0406 0.3115 0.0959 0.2667
FB12 0.0088 0.0146 0.0053 0.0057 0.0000 0.0358 0.0444 0.1673 0.0118 0.0155 0.0038 0.2087 0.0520 0.5587 0.0001 0.0016 0.1072 0.2318 0.0004 0.0250 0.0039 0.0186
FB13 0.0243 0.0637 0.0013 0.2190 0.1458 0.0236 0.0165 0.0521 0.0361 0.0668 0.0005 0.3079 0.1579 0.3919 0.0614 0.1592 0.3040 0.1515 0.0397 0.0183 0.0005 0.0110
FB14 0.0019 0.0281 0.0182 0.1418 0.0635 0.0106 0.1257 0.0646 0.0003 0.0082 0.0366 0.1420 0.0812 0.4016 0.0287 0.0787 0.0980 0.0263 0.0212 0.0227 0.1470 0.0018
FB15 0.0470 0.0148 0.0630 0.0274 0.0012 0.0292 0.0000 0.0205 0.0009 0.0043 0.0000 0.1502 0.2566 0.6441 0.0845 0.0783 0.0361 0.2743 0.0212 0.1977 0.0023 0.1116
FB16 0.0410 0.2301 0.0181 0.0626 0.1247 0.2839 0.0054 0.0801 0.0379 0.1000 0.0460 0.0969 0.1970 0.7261 0.1930 0.0216 0.0271 0.2396 0.1541 0.3418 0.0260 0.2280
FB17 0.0571 0.0542 0.0708 0.0194 0.0763 0.0364 0.3574 0.1111 0.1226 0.0565 0.0729 0.3181 0.0020 0.2691 0.0009 0.0316 0.0011 0.1038 0.0406 0.0008 0.0637 0.0139
FB18 0.0088 0.0531 0.0094 0.0006 0.0610 0.0424 0.2991 0.0711 0.0159 0.0000 0.1176 0.3151 0.0289 0.3693 0.0143 0.0092 0.0579 0.1750 0.0025 0.0002 0.0535 0.0099
FB19 0.0131 0.0042 0.0213 0.0199 0.0097 0.0016 0.0779 0.0541 0.0115 0.0010 0.1352 0.0673 0.0383 0.2378 0.1469 0.1136 0.0173 0.4295 0.0685 0.0019 0.0097 0.0001
FB20 0.0622 0.1182 0.0285 0.0870 0.1731 0.0765 0.0143 0.1198 0.0043 0.0002 0.0001 0.0257 0.0183 0.3251 0.2048 0.0342 0.0726 0.3990 0.0211 0.0158 0.0007 0.0063
FB21 0.0345 0.4819 0.0020 0.2976 0.3947 0.4835 0.1348 0.0081 0.0899 0.0641 0.0029 0.0551 0.0255 0.0273 0.2432 0.0001 0.0980 0.0299 0.0195 0.0002 0.0675 0.0085
FB22 0.0153 0.0178 0.0215 0.0115 0.0155 0.0172 0.1624 0.1622 0.1468 0.0952 0.0322 0.1173 0.0131 0.4636 0.2908 0.1258 0.0093 0.3829 0.1699 0.0372 0.0122 0.0323
FB23 0.0245 0.0004 0.0269 0.0024 0.0034 0.0050 0.0832 0.1118 0.6963 0.7561 0.0122 0.1198 0.0643 0.3191 0.2660 0.0326 0.0187 0.0327 0.0000 0.1844 0.0036 0.1074
FB24 0.0529 0.3352 0.0082 0.2880 0.2532 0.3521 0.0015 0.0148 0.0392 0.0093 0.0407 0.0446 0.0074 0.0937 0.1973 0.0043 0.0570 0.1076 0.0000 0.0004 0.0313 0.0068
FB25 0.0001 0.4179 0.0318 0.5837 0.3821 0.3921 0.1537 0.0296 0.0002 0.0007 0.0014 0.0185 0.1693 0.1122 0.0489 0.2376 0.2327 0.0344 0.0674 0.0364 0.0310 0.0045
FB26 0.0458 0.0181 0.0434 0.0000 0.0013 0.0361 0.1048 0.0218 0.3876 0.4770 0.0162 0.0048 0.0745 0.0179 0.1729 0.0343 0.0279 0.0673 0.0003 0.0078 0.1334 0.0419
FB27 0.0664 0.0338 0.0409 0.0370 0.0149 0.0453 0.0606 0.1202 0.1425 0.1647 0.0043 0.0168 0.0142 0.3752 0.1761 0.0420 0.0845 0.0158 0.0221 0.0048 0.1080 0.0314
FB28 0.1822 0.4774 0.0683 0.3809 0.3322 0.5238 0.0179 0.0005 0.0742 0.0114 0.0679 0.0690 0.1020 0.0203 0.2184 0.0013 0.2837 0.1697 0.3914 0.3856 0.2501 0.4034
FB29 0.2489 0.5179 0.1096 0.3812 0.3586 0.5696 0.0192 0.0016 0.0485 0.0051 0.0371 0.0570 0.0876 0.0297 0.1926 0.0023 0.2661 0.1795 0.3838 0.3634 0.1949 0.3593
FB30 0.3303 0.0950 0.2381 0.0783 0.0317 0.1398 0.0435 0.1192 0.0354 0.0321 0.0080 0.1138 0.0437 0.0065 0.1389 0.0056 0.1739 0.3061 0.3803 0.3524 0.1997 0.3541
FB31 0.0166 0.0436 0.0167 0.0003 0.0026 0.0889 0.0024 0.1052 0.0030 0.0014 0.0584 0.2207 0.2035 0.5190 0.1150 0.0699 0.0083 0.2358 0.1123 0.2558 0.0042 0.1474
FB32 0.0597 0.0316 0.0348 0.0415 0.0511 0.0184 0.0987 0.1858 0.6855 0.8217 0.0000 0.2034 0.0216 0.0254 0.0554 0.0455 0.0232 0.0355 0.0001 0.1120 0.0002 0.0587
FH01 0.0126 0.2084 0.0000 0.1781 0.1359 0.2363 0.0329 0.0028 0.0004 0.0151 0.1273 0.0324 0.0090 0.0286 0.2115 0.0315 0.0164 0.2278 0.0277 0.0001 0.0004 0.0002
FH02 0.0057 0.0397 0.0170 0.0537 0.0157 0.0553 0.2318 0.0004 0.0213 0.0009 0.0212 0.0899 0.0341 0.1014 0.4155 0.0009 0.0595 0.0543 0.0030 0.0412 0.0072 0.0123
FH03 0.3300 0.0058 0.3726 0.0466 0.0706 0.0025 0.0041 0.1124 0.0029 0.0017 0.0614 0.0333 0.0194 0.0111 0.0289 0.1742 0.0341 0.0478 0.0669 0.0781 0.0244 0.0189
FH04 0.1856 0.0628 0.2525 0.1175 0.1564 0.0202 0.0172 0.3511 0.0007 0.0000 0.0025 0.0140 0.2408 0.0115 0.0170 0.5652 0.0000 0.0231 0.0077 0.2575 0.0222 0.1747
FH05 0.0353 0.1062 0.0541 0.0417 0.1447 0.0735 0.2504 0.0764 0.0793 0.0324 0.0696 0.3930 0.0029 0.0251 0.2141 0.0144 0.0033 0.0288 0.0025 0.0821 0.0002 0.0389
FH06 0.0024 0.0000 0.0032 0.0013 0.0057 0.0020 0.0868 0.0273 0.4132 0.5301 0.0100 0.1914 0.0512 0.3708 0.3241 0.0050 0.0409 0.0442 0.0013 0.1682 0.0302 0.1286
FH07 0.1855 0.0629 0.1446 0.0229 0.0236 0.0891 0.0399 0.1262 0.1048 0.0448 0.0367 0.0284 0.1099 0.1711 0.0987 0.1859 0.0651 0.0832 0.0011 0.0433 0.0042 0.0299
FH08 0.1475 0.0938 0.1171 0.0149 0.0474 0.1192 0.0017 0.2218 0.0114 0.0028 0.0023 0.0018 0.3996 0.0148 0.1872 0.4306 0.0098 0.0127 0.0002 0.1657 0.1467 0.1917
FH09 0.0030 0.0373 0.0099 0.0350 0.0424 0.0301 0.0446 0.1093 0.1936 0.0707 0.1872 0.1987 0.3082 0.0700 0.1054 0.2070 0.0124 0.1101 0.0706 0.0533 0.2750 0.1353
FH10 0.0072 0.4202 0.0027 0.2935 0.3947 0.3874 0.5686 0.0807 0.0410 0.0081 0.1189 0.2493 0.0289 0.0198 0.0460 0.1332 0.1501 0.0319 0.1510 0.0070 0.0437 0.0005
FH11 0.0211 0.6341 0.1146 0.6403 0.4239 0.7100 0.2370 0.3679 0.0759 0.0323 0.1346 0.0745 0.0322 0.0050 0.0338 0.1518 0.2334 0.0006 0.1407 0.0007 0.0589 0.0057
FH12 0.1779 0.0004 0.1844 0.0068 0.0229 0.0043 0.2109 0.7184 0.0009 0.0051 0.0033 0.4307 0.4030 0.0670 0.0056 0.3160 0.0420 0.0778 0.0942 0.1046 0.1019 0.1251
FH13 0.0415 0.0891 0.1078 0.2800 0.0547 0.1041 0.0159 0.0193 0.0033 0.0001 0.1126 0.0431 0.1489 0.3034 0.0960 0.0502 0.2115 0.1931 0.0106 0.0422 0.0043 0.0144
FH14 0.1048 0.0303 0.1403 0.0602 0.1587 0.0004 0.0324 0.0814 0.0584 0.1142 0.0065 0.0087 0.0522 0.0159 0.0848 0.2283 0.0001 0.1042 0.0339 0.1004 0.0197 0.0781
FH15 0.1403 0.0030 0.1342 0.0002 0.0473 0.0029 0.0109 0.1198 0.0878 0.0754 0.0134 0.0803 0.0055 0.1973 0.0105 0.0909 0.0613 0.0009 0.0408 0.0630 0.0031 0.0399
FH16 0.0612 0.0006 0.0482 0.0068 0.0031 0.0000 0.0545 0.1608 0.0020 0.0064 0.0042 0.1255 0.0102 0.4070 0.0561 0.0382 0.0896 0.1921 0.0003 0.0008 0.0150 0.0045
FH17 0.0265 0.0200 0.0250 0.0000 0.0368 0.0101 0.0169 0.1164 0.0001 0.0000 0.0006 0.0706 0.0331 0.4430 0.0711 0.0274 0.0805 0.1338 0.0001 0.0058 0.0156 0.0105
FH18 0.0411 0.0090 0.0298 0.0093 0.0038 0.0363 0.0611 0.0308 0.0238 0.0002 0.2214 0.0238 0.1394 0.0224 0.0053 0.2468 0.1411 0.0069 0.0556 0.2286 0.0197 0.1550
FH19 0.0012 0.5611 0.0236 0.5693 0.3889 0.6168 0.0026 0.0649 0.1968 0.0437 0.3734 0.0275 0.0204 0.0119 0.0043 0.0050 0.2189 0.0230 0.0714 0.0462 0.1149 0.0808
FH20 0.0063 0.0306 0.0158 0.0393 0.0251 0.0306 0.0080 0.1878 0.0015 0.0004 0.0437 0.1107 0.2526 0.0433 0.2172 0.2751 0.0024 0.0538 0.0269 0.0867 0.4136 0.2109
FH21 0.0137 0.5591 0.0018 0.3988 0.6147 0.4619 0.0736 0.0992 0.0698 0.0362 0.0004 0.0832 0.0160 0.0431 0.0824 0.1355 0.1730 0.1041 0.0181 0.0810 0.0001 0.0426
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HMP1 0.0569 0.0314 0.0343 0.0349 0.0293 0.0290 0.0906 0.0010 0.1034 0.0790 0.0463 0.0830 0.0131 0.0072 0.1587 0.0155 0.5054 0.0318 0.3979 0.0435 0.0000 0.0215
HMP2 0.0609 0.0441 0.0355 0.0423 0.0421 0.0403 0.0424 0.0027 0.1807 0.1784 0.0222 0.0610 0.0036 0.0049 0.2789 0.0117 0.4826 0.0432 0.4031 0.0865 0.0005 0.0399
HMP3 0.1126 0.0925 0.0793 0.0313 0.1011 0.0768 0.0165 0.0032 0.1600 0.1778 0.0298 0.1552 0.0075 0.0275 0.1655 0.0001 0.3714 0.0108 0.2641 0.0665 0.0141 0.0187
HMP4 0.0621 0.0067 0.0662 0.0041 0.0060 0.0063 0.0172 0.0044 0.1859 0.2570 0.0002 0.0614 0.1513 0.1630 0.2246 0.1025 0.0976 0.0246 0.1027 0.2252 0.0016 0.1031
HMP5 0.0425 0.0136 0.0316 0.0080 0.0316 0.0049 0.0001 0.0066 0.3768 0.4053 0.0221 0.0088 0.0100 0.0697 0.3717 0.0001 0.2040 0.0303 0.1886 0.1304 0.0000 0.0652
HMP6 0.0123 0.0270 0.0071 0.0089 0.0639 0.0095 0.0263 0.0629 0.2446 0.3729 0.0054 0.0279 0.2655 0.1781 0.2715 0.0898 0.0223 0.0144 0.0317 0.3114 0.1026 0.2709
HMP7 0.0042 0.0041 0.0005 0.0264 0.0004 0.0080 0.0296 0.1052 0.2356 0.3169 0.0151 0.0221 0.5342 0.3831 0.0659 0.3591 0.0715 0.0336 0.0099 0.3766 0.1961 0.3692
HMP8 0.0081 0.0019 0.0066 0.0006 0.0196 0.0004 0.0590 0.0414 0.1002 0.2017 0.0392 0.0674 0.3848 0.3187 0.1827 0.1245 0.0448 0.0229 0.0057 0.2705 0.1753 0.2829
HMP9 0.0015 0.1649 0.0148 0.1157 0.3373 0.0724 0.0037 0.0176 0.1753 0.2902 0.0019 0.0344 0.1402 0.1039 0.0618 0.0019 0.0031 0.0175 0.0009 0.0589 0.1255 0.0962
HMP10 0.0011 0.0766 0.0009 0.0624 0.1406 0.0387 0.0623 0.1167 0.1244 0.2486 0.0303 0.3855 0.2618 0.2267 0.1302 0.0388 0.0549 0.0132 0.0127 0.2507 0.2718 0.3114
HMP11 0.0000 0.0828 0.0010 0.0211 0.1509 0.0423 0.0218 0.0300 0.0010 0.0007 0.0021 0.0525 0.0881 0.1535 0.1387 0.0096 0.0079 0.0567 0.0390 0.0377 0.0598 0.0543
HMP12 0.0002 0.0061 0.0004 0.0006 0.0002 0.0176 0.0061 0.2725 0.0260 0.0458 0.0019 0.1562 0.2341 0.0157 0.0227 0.1851 0.0045 0.0016 0.0008 0.1809 0.2819 0.2584
HMP13 0.0410 0.0999 0.0863 0.1554 0.0042 0.2111 0.5850 0.2082 0.0223 0.0354 0.0541 0.1453 0.0002 0.0566 0.0112 0.0071 0.2537 0.3918 0.5207 0.1687 0.2977 0.2537
HMP14 0.3977 0.4147 0.2522 0.1954 0.5735 0.2834 0.0010 0.1054 0.2625 0.3451 0.0880 0.0019 0.0648 0.0105 0.0984 0.0000 0.2554 0.0075 0.1097 0.0898 0.0010 0.0505
HMP15 0.1111 0.0363 0.1501 0.0677 0.1477 0.0029 0.0253 0.0077 0.2225 0.1858 0.0347 0.0116 0.0413 0.0330 0.0021 0.1451 0.0354 0.0340 0.0587 0.0818 0.0143 0.0245
HMP16 0.1227 0.0037 0.1295 0.0067 0.0548 0.0030 0.0180 0.0047 0.1191 0.1100 0.0104 0.0078 0.0117 0.1988 0.0477 0.0333 0.0862 0.0162 0.0225 0.0004 0.1088 0.0201
HMP17 0.6840 0.0708 0.6154 0.0050 0.0382 0.0875 0.0210 0.1875 0.0007 0.0019 0.0205 0.0030 0.1492 0.0098 0.1441 0.1088 0.2786 0.0453 0.2627 0.3005 0.0000 0.1529
HMP18 0.5333 0.1203 0.4686 0.0090 0.0829 0.1327 0.0695 0.0584 0.0002 0.0113 0.0003 0.0211 0.1386 0.0014 0.0463 0.1095 0.2407 0.0024 0.1162 0.1384 0.0469 0.0322
HMP19 0.1227 0.0037 0.1295 0.0067 0.0548 0.0030 0.0180 0.0047 0.1191 0.1100 0.0104 0.0078 0.0117 0.1988 0.0477 0.0333 0.0862 0.0162 0.0225 0.0004 0.1088 0.0201
HMP20 0.3602 0.1764 0.5034 0.2663 0.2173 0.1333 0.0354 0.5367 0.0013 0.0063 0.1678 0.0315 0.0692 0.0885 0.0038 0.2906 0.0063 0.0196 0.0003 0.0704 0.0076 0.0238
HMP21 0.0405 0.4719 0.0027 0.3353 0.4794 0.4127 0.1466 0.0961 0.0348 0.0237 0.0594 0.0757 0.1027 0.0176 0.0094 0.2733 0.0929 0.0000 0.0538 0.0490 0.0123 0.0401
HMP22 0.0442 0.3709 0.0057 0.2688 0.3113 0.3668 0.1094 0.1091 0.0001 0.0003 0.0265 0.0615 0.1327 0.0020 0.0311 0.2414 0.0697 0.0001 0.0410 0.0634 0.0299 0.0605
HMP23 0.0024 0.2271 0.0046 0.2168 0.2502 0.1873 0.0623 0.1600 0.0084 0.0163 0.0265 0.0492 0.3435 0.0452 0.0703 0.4388 0.0518 0.0583 0.0014 0.3130 0.1127 0.2783
HMP24 0.0028 0.0085 0.0008 0.0081 0.0047 0.0105 0.0841 0.1356 0.1072 0.2139 0.0868 0.1645 0.4471 0.1761 0.1709 0.3085 0.0163 0.0287 0.0000 0.4662 0.2433 0.4574
HMP25 0.0004 0.3812 0.0311 0.4007 0.5426 0.2536 0.0408 0.0046 0.2533 0.3395 0.0000 0.0813 0.0207 0.0818 0.0668 0.0400 0.0555 0.0003 0.0344 0.0664 0.2395 0.1394
HMP26 0.0357 0.5478 0.0005 0.4292 0.5543 0.4805 0.1056 0.0760 0.0790 0.0815 0.0251 0.0254 0.0760 0.0335 0.0009 0.2423 0.1098 0.0001 0.0588 0.0173 0.0025 0.0127
HMP27 0.0384 0.3378 0.0025 0.3206 0.2943 0.3267 0.1193 0.0460 0.0975 0.0703 0.0420 0.0122 0.1792 0.0012 0.0079 0.2362 0.1237 0.0000 0.0706 0.0298 0.0145 0.0287
HMP28 0.0060 0.5342 0.0127 0.5766 0.5389 0.4695 0.1538 0.1297 0.0655 0.0683 0.0086 0.0092 0.2212 0.0001 0.0012 0.4276 0.2516 0.0021 0.1229 0.0393 0.0009 0.0233
HMP29 0.0050 0.2357 0.0074 0.3912 0.1661 0.2569 0.1983 0.1357 0.0010 0.0056 0.0037 0.0139 0.4848 0.1631 0.0038 0.4433 0.4451 0.0034 0.2189 0.0936 0.0183 0.0727
HMP30 0.0324 0.4379 0.0023 0.2617 0.6663 0.2729 0.0476 0.0015 0.1562 0.1829 0.0636 0.0007 0.0251 0.0829 0.0107 0.0490 0.0279 0.0014 0.0109 0.0048 0.0589 0.0206
HMP31 0.0405 0.4719 0.0027 0.3353 0.4794 0.4127 0.1466 0.0961 0.0348 0.0237 0.0594 0.0757 0.1027 0.0176 0.0094 0.2733 0.0929 0.0000 0.0538 0.0490 0.0123 0.0401
HMP32 0.0442 0.3709 0.0057 0.2688 0.3113 0.3668 0.1094 0.1091 0.0001 0.0003 0.0265 0.0615 0.1327 0.0020 0.0311 0.2414 0.0697 0.0001 0.0410 0.0634 0.0299 0.0605
HMP33 0.0024 0.2271 0.0046 0.2168 0.2502 0.1873 0.0623 0.1600 0.0084 0.0163 0.0265 0.0492 0.3435 0.0452 0.0703 0.4388 0.0518 0.0583 0.0014 0.3130 0.1127 0.2783
HMP34 0.0028 0.0085 0.0008 0.0081 0.0047 0.0105 0.0841 0.1356 0.1072 0.2139 0.0868 0.1645 0.4471 0.1761 0.1709 0.3085 0.0163 0.0287 0.0000 0.4662 0.2433 0.4574
HMP35 0.0004 0.3812 0.0311 0.4007 0.5426 0.2536 0.0408 0.0046 0.2533 0.3395 0.0000 0.0813 0.0207 0.0818 0.0668 0.0400 0.0555 0.0003 0.0344 0.0664 0.2395 0.1394
HMP36 0.0357 0.5478 0.0005 0.4292 0.5543 0.4805 0.1056 0.0760 0.0790 0.0815 0.0251 0.0254 0.0760 0.0335 0.0009 0.2423 0.1098 0.0001 0.0588 0.0173 0.0025 0.0127
HMP37 0.0384 0.3378 0.0025 0.3206 0.2943 0.3267 0.1193 0.0460 0.0975 0.0703 0.0420 0.0122 0.1792 0.0012 0.0079 0.2362 0.1237 0.0000 0.0706 0.0298 0.0145 0.0287
HMP38 0.0060 0.5342 0.0127 0.5766 0.5389 0.4695 0.1538 0.1297 0.0655 0.0683 0.0086 0.0092 0.2212 0.0001 0.0012 0.4276 0.2516 0.0021 0.1229 0.0393 0.0009 0.0233
HMP39 0.0050 0.2357 0.0074 0.3912 0.1661 0.2569 0.1983 0.1357 0.0010 0.0056 0.0037 0.0139 0.4848 0.1631 0.0038 0.4433 0.4451 0.0034 0.2189 0.0936 0.0183 0.0727
HMP40 0.0324 0.4379 0.0023 0.2617 0.6663 0.2729 0.0476 0.0015 0.1562 0.1829 0.0636 0.0007 0.0251 0.0829 0.0107 0.0490 0.0279 0.0014 0.0109 0.0048 0.0589 0.0206
HMP41 0.1059 0.0151 0.1378 0.0506 0.0191 0.0808 0.1341 0.2072 0.0226 0.0349 0.2084 0.0182 0.0065 0.4464 0.1223 0.0017 0.0266 0.4540 0.2425 0.3163 0.1762 0.3163
HMP42 0.0584 0.0897 0.0996 0.1077 0.0554 0.1043 0.5306 0.4670 0.0032 0.0269 0.0144 0.5260 0.1984 0.0030 0.0000 0.2890 0.2422 0.0577 0.2509 0.0561 0.0001 0.0298
HMP43 0.1103 0.1372 0.2180 0.3433 0.1192 0.1329 0.2137 0.4998 0.0035 0.0044 0.0200 0.0241 0.4258 0.0058 0.2200 0.7098 0.3259 0.0640 0.3214 0.0230 0.0015 0.0085
HMP44 0.2390 0.0058 0.2913 0.0708 0.0212 0.0007 0.0474 0.2275 0.0539 0.0505 0.0740 0.0285 0.3579 0.0120 0.2286 0.3131 0.0723 0.0801 0.1275 0.0003 0.0043 0.0002
HMP45 0.0095 0.0141 0.0052 0.0082 0.0000 0.0344 0.0000 0.0609 0.1486 0.1583 0.0043 0.0601 0.1399 0.1546 0.2808 0.0273 0.0085 0.1107 0.0129 0.2056 0.2085 0.2493
HMP46 0.0120 0.0104 0.0072 0.0072 0.0000 0.0258 0.0041 0.0523 0.1077 0.1129 0.0032 0.0333 0.1680 0.1418 0.2301 0.0397 0.0044 0.1194 0.0196 0.2185 0.2530 0.2781
HMP47 0.1383 0.0083 0.1428 0.0050 0.0007 0.0259 0.1005 0.0361 0.0457 0.1380 0.1642 0.3415 0.1095 0.0274 0.1175 0.0361 0.0257 0.0123 0.0327 0.0998 0.2025 0.1594
HMP48 0.0608 0.0018 0.0601 0.0006 0.0003 0.0061 0.0000 0.0255 0.0046 0.0256 0.0627 0.0743 0.2282 0.0540 0.1204 0.0783 0.0007 0.0349 0.0068 0.2258 0.3729 0.3303
HMP49 0.0431 0.0222 0.0570 0.0231 0.0863 0.0022 0.0007 0.0000 0.0471 0.0150 0.0234 0.0004 0.0376 0.0841 0.0286 0.0029 0.0127 0.1900 0.0241 0.0188 0.0386 0.0004
HMP50 0.0007 0.0079 0.0027 0.0115 0.0092 0.0063 0.0405 0.0556 0.0030 0.0005 0.0162 0.0439 0.4474 0.3050 0.0168 0.2040 0.3940 0.0215 0.1519 0.1123 0.1333 0.1443
HMP51 0.0723 0.0076 0.0841 0.0140 0.0527 0.0001 0.0004 0.0280 0.5182 0.5276 0.0056 0.0031 0.0117 0.2029 0.0692 0.0494 0.0033 0.0072 0.0081 0.0043 0.0064 0.0060
HMP52 0.0919 0.0026 0.1120 0.0271 0.0594 0.0058 0.0442 0.0675 0.2358 0.2677 0.0006 0.0007 0.2307 0.0001 0.0072 0.2395 0.0001 0.2503 0.0719 0.2582 0.1893 0.2807
HMP53 0.0113 0.0105 0.0143 0.0045 0.0822 0.0005 0.0082 0.0170 0.4580 0.4405 0.0542 0.0291 0.0382 0.0789 0.0219 0.0750 0.0004 0.0695 0.0259 0.0694 0.1088 0.0994
HMP54 0.0719 0.0020 0.0827 0.0125 0.0523 0.0058 0.0524 0.0001 0.1331 0.0989 0.2047 0.1199 0.0801 0.0220 0.0196 0.0494 0.0020 0.2667 0.0625 0.2888 0.5436 0.4465
TARGET TRAINING TEST UMBRELLA TEST BAG TEST
Debeljak N. The correlation between some physiological and anatomical ... in Lipizzan horses. 
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HMP55 0.0144 0.0882 0.0286 0.0458 0.1987 0.0336 0.0092 0.0914 0.2124 0.2603 0.0038 0.1019 0.0329 0.0434 0.0010 0.0797 0.0062 0.1911 0.0328 0.1263 0.1563 0.1649
HMP56 0.0093 0.1897 0.0022 0.0356 0.2654 0.1282 0.0000 0.0620 0.0877 0.1252 0.0071 0.2793 0.0195 0.1180 0.0148 0.0007 0.0097 0.0794 0.0066 0.0197 0.0788 0.0436
HMP57 0.3812 0.0057 0.4032 0.0216 0.0077 0.0311 0.0036 0.0738 0.1710 0.1929 0.0226 0.0130 0.1393 0.0000 0.0003 0.1335 0.0065 0.1682 0.0818 0.1506 0.0068 0.0945
HMP58 0.4141 0.0684 0.3498 0.0172 0.0214 0.1026 0.0461 0.0291 0.0767 0.0754 0.0282 0.0059 0.0484 0.0033 0.2070 0.0050 0.3144 0.2966 0.5178 0.2653 0.0405 0.1968
HMP59 0.0540 0.0286 0.0513 0.0000 0.1215 0.0019 0.0018 0.0108 0.5070 0.4110 0.2638 0.0435 0.0022 0.1077 0.0069 0.0229 0.0066 0.0173 0.0178 0.0287 0.1087 0.0617
HMP60 0.0091 0.1832 0.0004 0.0883 0.3849 0.0775 0.0044 0.0158 0.2325 0.2812 0.0455 0.0346 0.0056 0.0491 0.0171 0.0940 0.0198 0.0967 0.0043 0.0477 0.0663 0.0651
HMP61 0.3287 0.1121 0.2812 0.0107 0.0890 0.1145 0.0007 0.0237 0.1248 0.0973 0.0174 0.0932 0.0641 0.1008 0.0198 0.0423 0.1886 0.0147 0.0670 0.0084 0.0111 0.0006
HMP62 0.1754 0.1306 0.2759 0.2322 0.1165 0.1245 0.0172 0.2456 0.1195 0.2938 0.3342 0.0301 0.0050 0.3331 0.1964 0.0796 0.0101 0.0005 0.0077 0.0322 0.0119 0.0288
HMP63 0.2035 0.2025 0.1415 0.0613 0.0550 0.3163 0.0215 0.0072 0.0244 0.0025 0.0462 0.1008 0.1891 0.0812 0.0561 0.1031 0.2709 0.1509 0.3644 0.3854 0.0319 0.2599
HMP64 0.0217 0.3383 0.0032 0.1210 0.3630 0.2845 0.0399 0.0037 0.0191 0.0061 0.1163 0.0001 0.4192 0.0618 0.0291 0.1319 0.0000 0.0746 0.0226 0.0756 0.0706 0.0891
HMP65 0.0035 0.0020 0.0026 0.0008 0.0271 0.0312 0.1378 0.0277 0.0254 0.0151 0.0129 0.0356 0.1398 0.6883 0.0981 0.0620 0.0135 0.7347 0.1475 0.4436 0.2314 0.4352
HMP66 0.0200 0.0401 0.0264 0.0106 0.0888 0.0157 0.0660 0.0000 0.0055 0.0002 0.0053 0.1431 0.1048 0.0119 0.2506 0.0619 0.0907 0.2500 0.2505 0.0804 0.1082 0.1083
HMP67 0.0842 0.0797 0.0737 0.0016 0.0289 0.1142 0.0116 0.0629 0.1477 0.1517 0.0025 0.3760 0.0000 0.0100 0.2229 0.0031 0.0210 0.0272 0.0003 0.0536 0.1389 0.0957
HMP68 0.0005 0.0928 0.0062 0.0539 0.0489 0.1160 0.0858 0.0734 0.5465 0.5367 0.0141 0.1065 0.0043 0.1593 0.3577 0.0088 0.0150 0.0421 0.0004 0.0983 0.0017 0.0426
HMP69 0.0005 0.0014 0.0016 0.0056 0.0006 0.0019 0.1781 0.2418 0.1535 0.3029 0.1370 0.6094 0.2185 0.0428 0.1059 0.2009 0.0158 0.0000 0.0094 0.3540 0.2056 0.3583
HMP70 0.0002 0.0464 0.0002 0.0105 0.0174 0.0658 0.0097 0.3789 0.1229 0.1276 0.0011 0.4227 0.1799 0.0074 0.0997 0.1372 0.0279 0.0446 0.0001 0.2743 0.3726 0.3710
HMP80 0.0716 0.0003 0.0762 0.0045 0.0276 0.0066 0.0114 0.5801 0.0360 0.0443 0.0458 0.2393 0.4483 0.0000 0.0108 0.2409 0.0276 0.0023 0.0097 0.2206 0.3507 0.3177
HMP81 0.0184 0.1386 0.0695 0.2856 0.0801 0.1662 0.1792 0.0120 0.1566 0.1096 0.0982 0.0191 0.0001 0.1421 0.0001 0.0124 0.3027 0.0060 0.2071 0.0428 0.3454 0.1411
HMP82 0.0542 0.1129 0.0910 0.0942 0.2592 0.0417 0.0013 0.0703 0.0400 0.0579 0.0027 0.0010 0.0122 0.1200 0.0123 0.1988 0.0398 0.0089 0.0406 0.0591 0.0013 0.0250
HMP83 0.0190 0.3518 0.0000 0.2875 0.4960 0.2361 0.1641 0.0067 0.0000 0.0006 0.0313 0.0042 0.0035 0.0010 0.0894 0.1242 0.2043 0.0270 0.1840 0.0162 0.1565 0.0596
HMP84 0.0034 0.4166 0.0055 0.2795 0.5302 0.3063 0.0566 0.2068 0.0140 0.0337 0.0040 0.0982 0.0175 0.1148 0.1046 0.2818 0.1220 0.0064 0.0935 0.0057 0.0013 0.0045
HMP85 0.0092 0.0001 0.0049 0.0084 0.0443 0.0141 0.2309 0.3803 0.1783 0.2993 0.0027 0.5514 0.0848 0.0289 0.0453 0.0548 0.0016 0.1565 0.0611 0.0432 0.0479 0.0541
HMP86 0.1018 0.0203 0.1400 0.0689 0.0043 0.0720 0.5983 0.2472 0.1026 0.1819 0.0146 0.2510 0.0785 0.0204 0.0754 0.0368 0.1710 0.0927 0.2278 0.0008 0.0886 0.0092
HMP87 0.0804 0.1870 0.0469 0.0560 0.2669 0.1241 0.2039 0.0010 0.0227 0.0942 0.0089 0.0034 0.0100 0.0023 0.0738 0.0043 0.0039 0.4600 0.1065 0.0547 0.2100 0.1186
HMP88 0.0009 0.0663 0.0090 0.0708 0.1576 0.0231 0.1493 0.0437 0.0016 0.0018 0.1164 0.1507 0.1427 0.1381 0.0137 0.2127 0.1844 0.0675 0.0320 0.1917 0.0172 0.1307
HMP89 0.0110 0.1634 0.0007 0.0927 0.3004 0.0824 0.0411 0.0344 0.0085 0.0045 0.0873 0.1807 0.0667 0.0767 0.0493 0.1289 0.1370 0.1871 0.0016 0.2060 0.0811 0.1873
HMP90 0.2483 0.0600 0.2342 0.0000 0.0556 0.0558 0.1947 0.0185 0.0078 0.0573 0.0091 0.0482 0.1227 0.0004 0.0011 0.1385 0.0797 0.1192 0.0005 0.0257 0.1612 0.0018
HMP91 0.5252 0.2450 0.4012 0.0784 0.2691 0.2026 0.0796 0.0233 0.0295 0.0926 0.0089 0.0097 0.0196 0.0048 0.1187 0.0008 0.3805 0.0316 0.1330 0.0412 0.1249 0.0000
HMP92 0.0234 0.0094 0.0206 0.0004 0.0036 0.0133 0.0038 0.1259 0.0084 0.0000 0.0150 0.1798 0.0008 0.0142 0.2472 0.0137 0.2426 0.0164 0.1932 0.0146 0.0885 0.0009
HMP93 0.5543 0.1988 0.4552 0.0364 0.2408 0.1523 0.1658 0.1779 0.0613 0.1510 0.0088 0.0042 0.1459 0.0043 0.0116 0.1011 0.1395 0.1030 0.0107 0.0703 0.0575 0.0090
HMP94 0.2146 0.0406 0.1678 0.0254 0.0557 0.0280 0.1177 0.1024 0.0619 0.1612 0.0086 0.0511 0.0691 0.0111 0.2883 0.0441 0.3162 0.0088 0.1367 0.1916 0.0010 0.0889
HMP95 0.8352 0.2236 0.7022 0.0379 0.2430 0.1863 0.0102 0.1939 0.0942 0.1276 0.1304 0.0005 0.1374 0.0093 0.1784 0.0382 0.2666 0.0274 0.2285 0.2327 0.0037 0.1014
HMP96 0.0444 0.0279 0.0740 0.0751 0.1304 0.0010 0.0000 0.0010 0.0168 0.0095 0.0302 0.0254 0.2295 0.1974 0.1861 0.2151 0.0056 0.4218 0.1705 0.4714 0.0471 0.3265
HMP97 0.6131 0.3127 0.4369 0.1577 0.3806 0.2386 0.0224 0.0646 0.2110 0.2717 0.1019 0.0037 0.0018 0.0021 0.1714 0.0274 0.3931 0.0060 0.1826 0.0322 0.0917 0.0001
Basal_1 0.0051 0.1618 0.0268 0.1459 0.0412 0.2570 0.0000 0.2894 0.0377 0.0013 0.2867 0.0014 0.0002 0.2998 0.1041 0.0311 0.0142 0.1371 0.0858 0.0886 0.0050 0.0569
Basal_2 0.0908 0.0005 0.0930 0.0027 0.0012 0.0032 0.3025 0.2720 0.1980 0.0457 0.4913 0.0026 0.0108 0.0150 0.0023 0.0179 0.0302 0.1049 0.0950 0.0495 0.1569 0.0974
HR_b 0.0340 0.0698 0.0598 0.0704 0.0126 0.1200 0.0639 0.3379 0.1079 0.0148 0.4391 0.0000 0.0015 0.1621 0.0511 0.0300 0.0000 0.0071 0.0018 0.0072 0.0193 0.0000
SDNN_m 0.0760 0.0286 0.0782 0.0025 0.0158 0.0350 0.0332 0.0319 0.1768 0.1953 0.0246 0.2299 0.1289 0.2194 0.1009 0.1458 0.0024 0.0151 0.0109 0.0237 0.0197 0.0268
MeanHR_m 0.0005 0.2334 0.0165 0.1894 0.2692 0.1859 0.1173 0.0780 0.0010 0.0024 0.0010 0.1993 0.0181 0.0453 0.0485 0.0462 0.2788 0.0970 0.0505 0.0447 0.0008 0.0259
RMSSD_m 0.0044 0.0363 0.0063 0.0037 0.0641 0.0193 0.1895 0.0393 0.3770 0.2071 0.2147 0.3318 0.0199 0.1504 0.0470 0.0306 0.0013 0.0014 0.0000 0.0462 0.0177 0.0417
NN50_m 0.0035 0.0163 0.0016 0.0051 0.0476 0.0038 0.1400 0.0171 0.6470 0.3907 0.3234 0.0420 0.0165 0.0766 0.0111 0.0150 0.0011 0.0066 0.0004 0.0053 0.0001 0.0023
VLF_m 0.0741 0.0083 0.0633 0.0025 0.0035 0.0112 0.0309 0.0098 0.0780 0.0797 0.0138 0.2422 0.1793 0.1273 0.2228 0.2229 0.0220 0.0339 0.0450 0.0090 0.0255 0.0167
LF_m 0.0019 0.0093 0.0011 0.0931 0.0016 0.0161 0.0107 0.0512 0.1512 0.0705 0.1118 0.1777 0.1041 0.0338 0.5275 0.2243 0.2008 0.0901 0.2508 0.0285 0.0043 0.0211
HF_m 0.0158 0.0127 0.0107 0.0057 0.0213 0.0071 0.1336 0.0202 0.2586 0.1305 0.1410 0.3481 0.0060 0.2420 0.1824 0.0046 0.0884 0.0002 0.0465 0.0289 0.0039 0.0210
LFHF_m 0.0057 0.2284 0.0014 0.2004 0.1729 0.2396 0.2746 0.0209 0.5703 0.4670 0.0457 0.0380 0.0023 0.3440 0.0749 0.0369 0.1068 0.2062 0.2445 0.1224 0.0742 0.1255
TARGET TRAINING TEST UMBRELLA TEST BAG TEST
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mean_BT 0.1069 0.0001 0.2399 0.7657 0.3648 0.3090 0.8437 0.2186 0.5180 0.1953 0.4915 0.0006 0.0822 0.0233 0.4689 0.0000 0.0950 0.4487 0.2978 0.5070 0.1606 0.2921
FB01 0.2260 0.5424 0.1231 0.1624 0.0969 0.3518 0.3416 0.1854 0.0234 0.1857 0.0002 0.6157 0.5708 0.5169 0.5518 0.5774 0.2554 0.4337 0.3900 0.7233 0.7504 0.7949
FB02 0.1416 0.2511 0.0818 0.0786 0.1460 0.3151 0.1965 0.1002 0.2808 0.1280 0.0860 0.1481 0.0023 0.0338 0.3451 0.1564 0.4445 0.1287 0.2606 0.0002 0.0059 0.0031
FB03 0.1056 0.1796 0.0623 0.0530 0.0938 0.2108 0.0009 0.2423 0.2377 0.2666 0.4680 0.4987 0.0467 0.1218 0.0031 0.0001 0.6622 0.2458 0.4338 0.0065 0.0542 0.0141
FB04 0.0001 0.0010 0.0004 0.0183 0.0161 0.0171 0.2338 0.0606 0.0002 0.0561 0.8675 0.0886 0.1058 0.0780 0.3984 0.0482 0.0321 0.0015 0.0104 0.0720 0.0001 0.0126
FB05 0.7325 0.7287 0.6914 0.0405 0.0000 0.1245 0.0419 0.5241 0.0765 0.5246 0.0266 0.4132 0.4032 0.3647 0.5069 0.1237 0.0971 0.0126 0.0418 0.0985 0.2057 0.1702
FB06 0.0396 0.1011 0.0189 0.0450 0.0507 0.1158 0.0073 0.1729 0.1754 0.1863 0.6121 0.4150 0.0440 0.0927 0.0365 0.0177 0.4750 0.2055 0.3345 0.0031 0.0512 0.0155
FB07 0.0894 0.1133 0.0916 0.0160 0.1000 0.0237 0.2213 0.0686 0.1308 0.0779 0.1091 0.0974 0.1260 0.0131 0.0003 0.1027 0.0323 0.0046 0.0143 0.0012 0.0425 0.0138
FB08 0.5411 0.4718 0.5792 0.1506 0.0128 0.0322 0.0190 0.6263 0.0079 0.6553 0.0417 0.2927 0.0049 0.0035 0.0554 0.0319 0.1960 0.0112 0.0163 0.1244 0.0068 0.0376
FB09 0.1039 0.1268 0.1269 0.0758 0.0563 0.0053 0.5580 0.0118 0.0894 0.0141 0.0021 0.0595 0.4499 0.2206 0.1149 0.2745 0.0019 0.0265 0.0142 0.1712 0.0008 0.0335
FB10 0.1605 0.2185 0.2061 0.1558 0.1088 0.0126 0.0389 0.1465 0.1256 0.1483 0.2182 0.0037 0.2500 0.1817 0.2481 0.0000 0.0272 0.1297 0.0859 0.0013 0.0213 0.0122
FB11 0.0504 0.0225 0.0328 0.0142 0.1059 0.1322 0.0123 0.0136 0.2040 0.0244 0.0662 0.0033 0.1259 0.2897 0.0571 0.5599 0.2345 0.0139 0.0802 0.1221 0.0538 0.0822
FB12 0.0661 0.0084 0.1818 0.7741 0.4298 0.4167 0.5266 0.0478 0.9581 0.0318 0.0292 0.0648 0.0015 0.0657 0.1617 0.0245 0.4796 0.6192 0.6159 0.1637 0.0841 0.1217
FB13 0.0186 0.0569 0.0390 0.1112 0.0203 0.0533 0.4435 0.0000 0.3363 0.0012 0.2186 0.0011 0.0243 0.0147 0.2348 0.1266 0.0992 0.0299 0.0592 0.0008 0.0452 0.0155
FB14 0.0030 0.2304 0.0000 0.0534 0.0001 0.0437 0.6059 0.0260 0.0942 0.0349 0.3196 0.0324 0.3342 0.1227 0.5319 0.0012 0.0361 0.0210 0.0295 0.0965 0.0004 0.0181
FB15 0.0247 0.0913 0.0211 0.0000 0.0976 0.0271 0.4284 0.0038 0.0036 0.0056 0.2919 0.0043 0.3780 0.1825 0.2560 0.0121 0.0338 0.0313 0.0356 0.0314 0.0513 0.0058
FB16 0.1866 0.2568 0.1716 0.0058 0.0002 0.0500 0.1573 0.0976 0.0005 0.1087 0.3452 0.0272 0.1771 0.0871 0.4829 0.0197 0.0202 0.0013 0.0015 0.0120 0.0009 0.0038
FB17 0.0031 0.0028 0.0179 0.1411 0.0570 0.0594 0.0726 0.0153 0.0014 0.0218 0.0100 0.0717 0.2828 0.4540 0.0355 0.6277 0.0000 0.2490 0.1103 0.5814 0.5334 0.5625
FB18 0.2887 0.0708 0.4070 0.4967 0.2044 0.0802 0.2319 0.2586 0.1880 0.2644 0.0026 0.0005 0.0297 0.0441 0.0064 0.1810 0.0085 0.4017 0.2103 0.4445 0.2400 0.3205
FB19 0.1721 0.2204 0.3050 0.6575 0.7750 0.3307 0.2442 0.6449 0.2606 0.6366 0.5962 0.1392 0.0211 0.0041 0.1202 0.0281 0.0109 0.4287 0.2280 0.3732 0.2198 0.2817
FB20 0.6500 0.1472 0.7114 0.3025 0.0572 0.0010 0.1820 0.2380 0.6734 0.2089 0.0003 0.0818 0.1907 0.4383 0.0399 0.1611 0.0634 0.0749 0.0792 0.0125 0.1349 0.0711
FB21 0.6508 0.3048 0.5240 0.0078 0.2183 0.4374 0.0186 0.1602 0.0008 0.1713 0.1296 0.2085 0.0303 0.0272 0.4846 0.0162 0.2670 0.1213 0.1926 0.0638 0.2563 0.1790
FB22 0.1620 0.0004 0.2058 0.1481 0.0035 0.0022 0.0409 0.0006 0.2596 0.0002 0.3261 0.0677 0.0054 0.0357 0.0770 0.0651 0.0990 0.1299 0.1284 0.0090 0.0015 0.0042
FB23 0.6324 0.1878 0.7045 0.2462 0.0184 0.0029 0.1629 0.2856 0.5315 0.2547 0.0115 0.1320 0.1060 0.2725 0.0372 0.1689 0.0060 0.0241 0.0167 0.0172 0.1780 0.1021
FB24 0.1939 0.7190 0.1963 0.0305 0.1211 0.0008 0.0712 0.6328 0.0260 0.6248 0.2000 0.6266 0.5692 0.4298 0.0995 0.6403 0.0669 0.0101 0.0303 0.0928 0.0975 0.1022
FB25 0.0696 0.0161 0.0587 0.0000 0.0026 0.0099 0.0128 0.0086 0.1738 0.0033 0.0327 0.0739 0.1459 0.3661 0.0085 0.5566 0.0134 0.0410 0.0055 0.3148 0.4428 0.4196
FB26 0.0417 0.0387 0.0103 0.1621 0.2633 0.3102 0.0024 0.0580 0.3557 0.0704 0.3396 0.3092 0.1576 0.2370 0.0097 0.0144 0.6660 0.3760 0.5356 0.0006 0.0897 0.0339
FB27 0.1764 0.0004 0.2377 0.2183 0.0404 0.0316 0.3517 0.0441 0.5905 0.0281 0.0799 0.0077 0.0116 0.1516 0.0418 0.2069 0.1085 0.0539 0.0818 0.0055 0.1024 0.0541
FB28 0.0672 0.0278 0.0146 0.2997 0.7863 0.5666 0.0050 0.0683 0.1460 0.0632 0.0183 0.0153 0.2001 0.1153 0.0338 0.0890 0.2818 0.4491 0.4131 0.0856 0.3632 0.2534
FB29 0.0530 0.0617 0.0120 0.2257 0.7168 0.4649 0.0277 0.0877 0.1192 0.0821 0.0176 0.0010 0.3035 0.1895 0.0085 0.1664 0.2225 0.3318 0.3126 0.0285 0.2421 0.1469
FB30 0.0454 0.0043 0.0386 0.0000 0.0059 0.0097 0.0631 0.0264 0.1477 0.0327 0.5661 0.0304 0.2514 0.4005 0.3334 0.0519 0.1150 0.0010 0.0278 0.2630 0.1343 0.1901
FB31 0.3149 0.0114 0.2032 0.0937 0.5050 0.4940 0.0373 0.0041 0.0067 0.0038 0.0016 0.1345 0.0455 0.0034 0.0547 0.0000 0.2569 0.3396 0.3347 0.1185 0.5515 0.3751
FB32 0.0084 0.0148 0.0074 0.0001 0.0048 0.0002 0.1616 0.0199 0.1249 0.0247 0.5849 0.0317 0.4237 0.5272 0.3676 0.1015 0.1620 0.0083 0.0535 0.2822 0.0709 0.1437
FH01 0.1636 0.5801 0.0616 0.3325 0.2213 0.5639 0.5608 0.1756 0.3026 0.1982 0.0073 0.6345 0.3040 0.1367 0.6475 0.1422 0.6196 0.5953 0.6667 0.4485 0.4556 0.4876
FH02 0.3083 0.8334 0.3013 0.0304 0.0557 0.0252 0.0538 0.7997 0.0008 0.8224 0.1932 0.7037 0.2801 0.1206 0.1117 0.1946 0.2437 0.0145 0.0834 0.0037 0.0258 0.0159
FH03 0.0841 0.1148 0.1000 0.0520 0.0535 0.0055 0.6486 0.0027 0.0748 0.0045 0.1139 0.0097 0.4524 0.2037 0.2293 0.1009 0.0007 0.0034 0.0006 0.1234 0.0067 0.0076
FH04 0.1047 0.1129 0.1443 0.1441 0.0173 0.0003 0.5979 0.0035 0.1168 0.0046 0.0015 0.0785 0.4544 0.2471 0.1339 0.3468 0.0085 0.0795 0.0456 0.2813 0.0264 0.0992
FH05 0.3661 0.0004 0.4693 0.3516 0.0086 0.0060 0.4609 0.0612 0.4338 0.0517 0.0007 0.0051 0.0456 0.0004 0.0102 0.0492 0.0384 0.1538 0.1065 0.1162 0.0001 0.0206
FH06 0.1850 0.0150 0.1666 0.0032 0.1757 0.1140 0.0820 0.0111 0.0120 0.0101 0.2056 0.0329 0.1416 0.0728 0.0394 0.3416 0.0100 0.0001 0.0026 0.0202 0.0119 0.0002
FH07 0.1392 0.0035 0.1224 0.0009 0.1366 0.1011 0.3850 0.0379 0.0110 0.0398 0.3472 0.0726 0.4677 0.3626 0.1567 0.1063 0.2292 0.0497 0.1192 0.1250 0.0202 0.0023
FH08 0.3134 0.2477 0.2169 0.0532 0.1958 0.3794 0.1862 0.0558 0.0445 0.0674 0.3678 0.0949 0.0738 0.0311 0.6721 0.0426 0.2073 0.1182 0.1675 0.0936 0.1326 0.1250
FH09 0.0130 0.0155 0.0961 0.9034 0.9188 0.7000 0.2662 0.1899 0.7142 0.1655 0.1233 0.0142 0.0504 0.0811 0.1827 0.0633 0.4218 0.8091 0.6977 0.2866 0.3160 0.3303
FH10 0.0551 0.1034 0.0045 0.4773 0.5811 0.7046 0.1405 0.0212 0.6982 0.0338 0.0150 0.3270 0.0394 0.1311 0.1295 0.0411 0.9286 0.7056 0.8749 0.0653 0.2109 0.1581
FH11 0.0896 0.0792 0.1521 0.2817 0.0222 0.0648 0.4798 0.0043 0.5696 0.0101 0.0055 0.1056 0.0394 0.0068 0.0658 0.0041 0.2428 0.1947 0.2357 0.0422 0.0001 0.0062
FH12 0.1399 0.0034 0.2253 0.3649 0.0368 0.0407 0.7372 0.1274 0.0963 0.1264 0.3034 0.0003 0.4191 0.3453 0.3437 0.2342 0.0035 0.1731 0.0528 0.6813 0.1671 0.3475
FH13 0.0608 0.6355 0.0304 0.0597 0.0002 0.1008 0.4667 0.3182 0.1396 0.3450 0.0071 0.5009 0.4210 0.1618 0.3408 0.1842 0.2811 0.1406 0.2126 0.1398 0.0665 0.0982
FH14 0.0106 0.0169 0.0180 0.0333 0.0024 0.0001 0.4080 0.0450 0.0195 0.0491 0.5869 0.0226 0.5465 0.5561 0.4281 0.1571 0.1155 0.0010 0.0164 0.4177 0.0705 0.1805
FH15 0.1761 0.0339 0.2680 0.3700 0.0117 0.0312 0.7484 0.0280 0.2532 0.0240 0.0435 0.0323 0.3314 0.1731 0.1902 0.2345 0.0214 0.2078 0.1181 0.4348 0.0754 0.1923
FH16 0.0033 0.1773 0.0124 0.5809 0.3302 0.4994 0.8846 0.0008 0.4900 0.0000 0.2934 0.1371 0.2039 0.0652 0.7557 0.0085 0.3421 0.5352 0.4956 0.4853 0.2584 0.3632
FH17 0.0648 0.2911 0.0053 0.5607 0.4412 0.7035 0.7044 0.0164 0.4970 0.0261 0.1529 0.3055 0.1559 0.0441 0.7594 0.0106 0.5776 0.6837 0.7034 0.4639 0.3931 0.4522
FH18 0.4431 0.0190 0.4115 0.0174 0.1145 0.1373 0.0678 0.0144 0.1276 0.0119 0.1257 0.0066 0.0003 0.0246 0.1256 0.0152 0.0057 0.0053 0.0060 0.0220 0.1845 0.1103
FH19 0.7573 0.7844 0.7850 0.1540 0.0272 0.0456 0.0156 0.9549 0.0504 0.9649 0.1870 0.6633 0.1100 0.0645 0.0780 0.0714 0.2284 0.0002 0.0467 0.0097 0.0442 0.0088
FH20 0.0000 0.0301 0.0107 0.2237 0.3830 0.2518 0.1526 0.1949 0.1662 0.1740 0.7453 0.0819 0.0241 0.0394 0.2909 0.3437 0.0373 0.1012 0.0781 0.0470 0.0202 0.0314
FH21 0.2503 0.3382 0.1013 0.4366 0.5594 0.8717 0.4270 0.0441 0.2793 0.0553 0.1358 0.3918 0.1319 0.0702 0.8024 0.0187 0.6108 0.7157 0.7393 0.5110 0.6431 0.6358
TARGET TRAINING TEST UMBRELLA TEST BAG TEST
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HMP1 0.0104 0.1018 0.0039 0.5244 0.3866 0.5015 0.1919 0.0123 0.4527 0.0169 0.0795 0.4079 0.0086 0.0000 0.0948 0.0973 0.6047 0.7816 0.7771 0.3173 0.4558 0.4328
HMP2 0.0102 0.1172 0.0050 0.5728 0.4111 0.5413 0.2524 0.0109 0.4969 0.0157 0.0487 0.4111 0.0165 0.0006 0.1371 0.0921 0.6290 0.8200 0.8126 0.3550 0.4684 0.4579
HMP3 0.0103 0.0704 0.0712 0.6454 0.3154 0.3971 0.3988 0.0001 0.5957 0.0002 0.0197 0.2731 0.0315 0.0013 0.1288 0.0894 0.4809 0.7303 0.6836 0.3611 0.3167 0.3612
HMP4 0.2249 0.0326 0.3817 0.7052 0.2916 0.1812 0.2738 0.1744 0.5679 0.1608 0.0018 0.0128 0.0024 0.0161 0.0093 0.0233 0.1589 0.5246 0.3825 0.2654 0.1456 0.2039
HMP5 0.0196 0.0014 0.0912 0.6438 0.5166 0.4233 0.1041 0.0429 0.5664 0.0352 0.0441 0.1165 0.0434 0.0675 0.0109 0.0038 0.4435 0.7211 0.6586 0.1943 0.2901 0.2731
HMP6 0.1371 0.0106 0.0586 0.2101 0.7249 0.5572 0.0035 0.0474 0.0714 0.0439 0.0862 0.0093 0.1298 0.0588 0.0937 0.1049 0.2182 0.3467 0.3192 0.0900 0.3608 0.2544
HMP7 0.1382 0.0879 0.1388 0.0198 0.1200 0.0394 0.3424 0.0261 0.1114 0.0318 0.0134 0.0355 0.2043 0.0430 0.0149 0.0943 0.0034 0.0001 0.0011 0.0096 0.0584 0.0133
HMP8 0.0225 0.1594 0.0257 0.0107 0.0764 0.0083 0.5718 0.0136 0.0146 0.0166 0.2016 0.0068 0.5396 0.2899 0.3167 0.0895 0.0091 0.0015 0.0043 0.1117 0.0061 0.0067
HMP9 0.1462 0.0749 0.1307 0.0019 0.2270 0.1078 0.3306 0.0150 0.0089 0.0155 0.0013 0.0135 0.4146 0.2216 0.0227 0.2789 0.0309 0.0088 0.0180 0.0552 0.0284 0.0002
HMP10 0.0291 0.3196 0.0762 0.3041 0.5486 0.2047 0.0110 0.4099 0.0957 0.4112 0.0471 0.0737 0.2732 0.1300 0.0041 0.0851 0.0228 0.2408 0.1349 0.0717 0.1670 0.1366
HMP11 0.0482 0.1604 0.0400 0.0001 0.1705 0.0471 0.2095 0.1139 0.0749 0.1272 0.0506 0.0744 0.1534 0.0170 0.0059 0.0512 0.0150 0.0055 0.0001 0.0050 0.1051 0.0554
HMP12 0.1925 0.0313 0.1881 0.0188 0.0957 0.0456 0.3207 0.0027 0.1648 0.0058 0.0007 0.0006 0.0834 0.0003 0.0096 0.0011 0.0014 0.0037 0.0004 0.0033 0.1699 0.0817
HMP13 0.3865 0.0101 0.4174 0.1164 0.0054 0.0120 0.2369 0.0398 0.4136 0.0285 0.0004 0.0127 0.0037 0.1030 0.0066 0.0444 0.0194 0.0071 0.0126 0.0181 0.1912 0.1099
HMP14 0.1281 0.0310 0.1102 0.0001 0.0810 0.1132 0.1132 0.1356 0.1352 0.1574 0.2354 0.1296 0.3617 0.5037 0.0460 0.2876 0.4396 0.0353 0.1632 0.2630 0.0148 0.0784
HMP15 0.0244 0.0410 0.0620 0.2382 0.1036 0.1459 0.3216 0.0003 0.6667 0.0043 0.0214 0.0351 0.0092 0.1527 0.0915 0.1712 0.3456 0.1505 0.2442 0.0014 0.0214 0.0115
HMP16 0.0115 0.0321 0.0005 0.3174 0.3977 0.4336 0.2854 0.0063 0.5419 0.0012 0.2527 0.0180 0.0187 0.1168 0.3210 0.3152 0.4016 0.2622 0.3485 0.0153 0.0137 0.0157
HMP17 0.1734 0.3940 0.2374 0.2319 0.2927 0.0584 0.0469 0.6509 0.1659 0.6236 0.6157 0.4276 0.1896 0.1793 0.0217 0.4894 0.0063 0.0304 0.0053 0.0035 0.0077 0.0010
HMP18 0.2165 0.3347 0.2875 0.2494 0.2563 0.0528 0.0820 0.5749 0.2759 0.5373 0.5522 0.3844 0.2046 0.2571 0.0195 0.5887 0.0000 0.0294 0.0107 0.0005 0.0388 0.0178
HMP19 0.0115 0.0321 0.0005 0.3174 0.3977 0.4336 0.2854 0.0063 0.5419 0.0012 0.2527 0.0180 0.0187 0.1168 0.3210 0.3152 0.4016 0.2622 0.3485 0.0153 0.0137 0.0157
HMP20 0.2134 0.2130 0.1728 0.0020 0.0449 0.1500 0.1306 0.0755 0.0233 0.0903 0.3128 0.0377 0.0484 0.0063 0.4558 0.1052 0.1069 0.0103 0.0418 0.0030 0.0038 0.0036
HMP21 0.6283 0.4298 0.7109 0.2756 0.0400 0.0074 0.1706 0.7865 0.0637 0.7973 0.2978 0.3921 0.0003 0.0053 0.0003 0.0005 0.1681 0.0230 0.0072 0.1812 0.0012 0.0368
HMP22 0.7017 0.1290 0.7827 0.2762 0.0000 0.0209 0.4189 0.3742 0.1952 0.3655 0.1119 0.1384 0.0463 0.0125 0.0041 0.0225 0.0561 0.0266 0.0000 0.1369 0.0120 0.0061
HMP23 0.5123 0.0270 0.6143 0.3343 0.0044 0.0000 0.6332 0.2221 0.3326 0.2046 0.1606 0.0522 0.0797 0.0101 0.0618 0.0060 0.0024 0.0604 0.0168 0.1410 0.0098 0.0075
HMP24 0.0770 0.0866 0.1043 0.0977 0.0062 0.0024 0.6728 0.0000 0.1899 0.0005 0.1897 0.0030 0.2506 0.0585 0.2653 0.0031 0.0105 0.0144 0.0140 0.0660 0.0195 0.0002
HMP25 0.0123 0.3171 0.0326 0.1319 0.3446 0.0967 0.0908 0.2966 0.0109 0.3090 0.0015 0.0633 0.2740 0.0957 0.0473 0.0326 0.0018 0.1260 0.0560 0.0337 0.1448 0.1010
HMP26 0.5935 0.6003 0.6241 0.1395 0.0183 0.0380 0.0375 0.8452 0.0074 0.8702 0.2539 0.5470 0.0113 0.0001 0.0178 0.0020 0.2918 0.0001 0.0530 0.0860 0.0016 0.0084
HMP27 0.5629 0.5307 0.6319 0.2329 0.0538 0.0075 0.0326 0.7425 0.0387 0.7642 0.0832 0.3279 0.0215 0.0010 0.0361 0.0036 0.1387 0.0321 0.0027 0.1283 0.0088 0.0416
HMP28 0.4065 0.6533 0.4105 0.0618 0.0183 0.0436 0.0091 0.7013 0.0042 0.7399 0.0687 0.4548 0.0615 0.0027 0.1037 0.0000 0.2823 0.0003 0.0587 0.0421 0.0008 0.0100
HMP29 0.2133 0.4635 0.1577 0.0170 0.0324 0.2010 0.0274 0.4627 0.2041 0.5062 0.2342 0.6130 0.0009 0.0339 0.0433 0.0000 0.6768 0.1575 0.3621 0.0065 0.0231 0.0044
HMP30 0.1066 0.3207 0.1958 0.4322 0.5006 0.1776 0.0003 0.4494 0.1793 0.4489 0.0138 0.0524 0.2066 0.1071 0.0103 0.0258 0.0294 0.3174 0.1770 0.1197 0.1715 0.1638
HMP31 0.4216 0.2262 0.5309 0.3672 0.0831 0.0050 0.3296 0.6347 0.0787 0.6407 0.4381 0.2325 0.0399 0.0569 0.0676 0.0154 0.0918 0.0778 0.0016 0.3721 0.0449 0.1433
HMP32 0.4617 0.0376 0.5452 0.2729 0.0001 0.0048 0.5406 0.2610 0.1064 0.2602 0.1699 0.0595 0.2052 0.1438 0.0676 0.1343 0.0571 0.0496 0.0011 0.3373 0.0094 0.0860
HMP33 0.3433 0.0011 0.4179 0.2459 0.0006 0.0014 0.6690 0.1402 0.1168 0.1365 0.1799 0.0178 0.3135 0.1955 0.1370 0.1551 0.0276 0.0512 0.0045 0.3463 0.0094 0.0877
HMP34 0.0444 0.1417 0.0471 0.0115 0.1052 0.0210 0.5663 0.0101 0.0084 0.0116 0.1400 0.0078 0.6029 0.3554 0.2571 0.1718 0.0208 0.0015 0.0075 0.1445 0.0029 0.0134
HMP35 0.0085 0.2303 0.0465 0.3671 0.6731 0.3156 0.0030 0.3344 0.1525 0.3292 0.0496 0.0323 0.2714 0.1483 0.0003 0.1049 0.0773 0.3320 0.2256 0.0836 0.2128 0.1697
HMP36 0.4807 0.3975 0.5787 0.3212 0.1004 0.0011 0.1959 0.8105 0.0722 0.8165 0.4767 0.3925 0.0001 0.0051 0.0212 0.0039 0.1260 0.0428 0.0007 0.2213 0.0113 0.0654
HMP37 0.4923 0.3427 0.6596 0.5931 0.2518 0.0497 0.2569 0.7620 0.2777 0.7515 0.2767 0.2099 0.0082 0.0053 0.0179 0.0058 0.0074 0.2020 0.0570 0.2664 0.0458 0.1182
HMP38 0.4591 0.5412 0.5896 0.4451 0.2700 0.0314 0.0982 0.9126 0.1881 0.9051 0.3379 0.3800 0.0814 0.0488 0.0007 0.0776 0.0294 0.1107 0.0169 0.1263 0.0134 0.0471
HMP39 0.3799 0.4785 0.4245 0.1515 0.0910 0.0000 0.0784 0.7587 0.0965 0.7386 0.6653 0.6292 0.0917 0.0923 0.0061 0.3509 0.1005 0.0001 0.0206 0.0016 0.0648 0.0214
HMP40 0.0179 0.1260 0.0668 0.3931 0.4622 0.2334 0.0146 0.2851 0.0622 0.2947 0.0420 0.0053 0.0183 0.0010 0.0177 0.0182 0.0196 0.3724 0.1900 0.3667 0.4347 0.4406
HMP41 0.3019 0.0587 0.1772 0.1556 0.4886 0.5594 0.0041 0.0262 0.0289 0.0258 0.0300 0.2958 0.0053 0.0022 0.0782 0.0397 0.3752 0.4962 0.4890 0.2216 0.7119 0.5294
HMP42 0.5046 0.0959 0.3604 0.0622 0.4293 0.5406 0.0149 0.0575 0.0007 0.0564 0.0012 0.2647 0.0016 0.0086 0.1393 0.0124 0.3112 0.3407 0.3616 0.1632 0.6480 0.4563
HMP43 0.0922 0.0009 0.0281 0.2693 0.5715 0.4736 0.0127 0.0551 0.0179 0.0582 0.0920 0.0288 0.0000 0.0288 0.1752 0.0176 0.0998 0.4252 0.2896 0.4251 0.6953 0.6287
HMP44 0.3666 0.1797 0.2037 0.2424 0.5350 0.7279 0.0362 0.0520 0.0586 0.0537 0.0001 0.4251 0.0262 0.0531 0.2946 0.0904 0.4705 0.6436 0.6262 0.4280 0.8997 0.7521
HMP45 0.2159 0.0220 0.2266 0.0498 0.0717 0.0349 0.5749 0.0129 0.0777 0.0098 0.1414 0.0082 0.3117 0.1213 0.1227 0.0464 0.0240 0.0008 0.0072 0.0704 0.0468 0.0011
HMP46 0.2557 0.0071 0.2599 0.0418 0.0760 0.0487 0.5260 0.0257 0.0816 0.0210 0.1621 0.0270 0.2378 0.0757 0.0937 0.0157 0.0348 0.0057 0.0162 0.0377 0.0855 0.0121
HMP47 0.1579 0.0239 0.1580 0.0215 0.1004 0.0527 0.5411 0.0157 0.0072 0.0147 0.2336 0.0171 0.4782 0.2958 0.1781 0.1176 0.0905 0.0085 0.0351 0.1401 0.0154 0.0047
HMP48 0.2021 0.0032 0.1857 0.0061 0.1352 0.1008 0.4404 0.0369 0.0007 0.0360 0.2771 0.0647 0.3866 0.2393 0.1225 0.0654 0.1628 0.0391 0.0882 0.0801 0.0520 0.0012
HMP49 0.6564 0.2971 0.7893 0.4357 0.0691 0.0003 0.2539 0.6222 0.2051 0.6203 0.1144 0.1814 0.0005 0.0003 0.0000 0.0112 0.0374 0.1074 0.0138 0.2203 0.0103 0.0640
HMP50 0.1280 0.0135 0.2543 0.6573 0.1747 0.1896 0.6009 0.0486 0.4922 0.0412 0.0050 0.0809 0.1066 0.0370 0.1419 0.1448 0.1670 0.5238 0.3875 0.4787 0.2117 0.3262
HMP51 0.0831 0.3011 0.0509 0.0340 0.0279 0.1458 0.0236 0.3230 0.2781 0.3600 0.3118 0.4923 0.0037 0.0791 0.0051 0.0004 0.6188 0.1580 0.3439 0.0148 0.0059 0.0000
HMP52 0.5572 0.7522 0.5319 0.0378 0.0020 0.1008 0.0001 0.8649 0.0018 0.8933 0.2818 0.7767 0.0599 0.0114 0.0618 0.0502 0.4316 0.0353 0.1610 0.0062 0.0477 0.0117
HMP53 0.0017 0.0003 0.0112 0.4451 0.5006 0.4387 0.4239 0.1447 0.2351 0.1279 0.7773 0.0048 0.0197 0.0074 0.5975 0.0688 0.0939 0.3097 0.2259 0.3249 0.1932 0.2580
HMP54 0.0271 0.0887 0.0000 0.5399 0.5726 0.6796 0.4746 0.0025 0.6359 0.0001 0.2433 0.0957 0.0016 0.0229 0.5273 0.1031 0.5587 0.5409 0.6038 0.1660 0.1570 0.1736
TARGET TRAINING TEST UMBRELLA TEST BAG TEST
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HMP55 0.0022 0.0142 0.0038 0.2349 0.3379 0.2394 0.2099 0.2094 0.0334 0.2037 0.8475 0.0534 0.0243 0.0434 0.4456 0.0320 0.0009 0.1359 0.0575 0.3133 0.1886 0.2497
HMP56 0.3520 0.2870 0.2112 0.1621 0.3713 0.6182 0.2515 0.0501 0.0973 0.0610 0.3091 0.1905 0.0917 0.0502 0.7896 0.0073 0.3531 0.3142 0.3635 0.2420 0.3440 0.3250
HMP57 0.2403 0.5491 0.2546 0.0607 0.1124 0.0000 0.0023 0.5737 0.1108 0.5472 0.3165 0.5831 0.4550 0.4584 0.0304 0.7882 0.0289 0.0063 0.0150 0.1018 0.1735 0.1537
HMP58 0.5082 0.6316 0.6154 0.3523 0.1978 0.0070 0.0163 0.8368 0.1425 0.8410 0.0875 0.3320 0.1532 0.0862 0.0442 0.0386 0.0346 0.0896 0.0106 0.0691 0.0085 0.0274
HMP59 0.1282 0.1019 0.2712 0.7850 0.6243 0.3602 0.4161 0.4818 0.5172 0.4485 0.5419 0.0614 0.0111 0.0252 0.2388 0.1029 0.0777 0.4305 0.2751 0.2968 0.1256 0.1978
HMP60 0.0665 0.0010 0.0992 0.1294 0.0572 0.0436 0.0086 0.0005 0.5263 0.0031 0.2151 0.0426 0.2125 0.4384 0.0740 0.1170 0.3200 0.1122 0.2043 0.0803 0.0425 0.0584
HMP61 0.0093 0.2181 0.0123 0.0103 0.0689 0.0025 0.5616 0.0394 0.0294 0.0460 0.1432 0.0266 0.5012 0.2361 0.3159 0.0733 0.0000 0.0001 0.0000 0.0836 0.0075 0.0034
HMP62 0.5049 0.0805 0.3692 0.0469 0.4258 0.5214 0.0438 0.0706 0.0038 0.0710 0.0173 0.2678 0.0266 0.0018 0.0750 0.0003 0.3663 0.3145 0.3695 0.0779 0.5286 0.3322
HMP63 0.0065 0.0114 0.0056 0.4747 0.4836 0.4743 0.0432 0.0006 0.3644 0.0001 0.1049 0.2493 0.0207 0.0242 0.0163 0.0338 0.5049 0.7175 0.6882 0.2139 0.4376 0.3713
HMP64 0.0416 0.0039 0.1490 0.8446 0.4659 0.4334 0.5223 0.0992 0.4702 0.0902 0.0519 0.0762 0.0621 0.0369 0.2495 0.0999 0.2308 0.7728 0.5613 0.6933 0.4882 0.6078
HMP65 0.2268 0.2983 0.0880 0.4333 0.5592 0.8443 0.1875 0.0904 0.3426 0.1043 0.0098 0.6129 0.0281 0.0079 0.3419 0.0521 0.8431 0.8599 0.9395 0.3665 0.6850 0.5949
HMP66 0.7410 0.8179 0.6005 0.0068 0.0659 0.3745 0.0402 0.6134 0.0001 0.6203 0.0598 0.9136 0.2600 0.2250 0.3608 0.2702 0.4585 0.2551 0.3659 0.2118 0.5435 0.4273
HMP67 0.0156 0.2719 0.0315 0.0840 0.2529 0.0627 0.1949 0.1505 0.0410 0.1543 0.0987 0.0164 0.4855 0.2885 0.2043 0.0602 0.0344 0.1071 0.0794 0.0034 0.0498 0.0149
HMP68 0.0421 0.1776 0.0424 0.0061 0.1511 0.0346 0.4890 0.0331 0.0024 0.0339 0.0304 0.0372 0.6685 0.4256 0.1740 0.3384 0.0176 0.0004 0.0050 0.1648 0.0000 0.0256
HMP69 0.9363 0.3834 0.8753 0.0426 0.0691 0.2497 0.0853 0.4779 0.0390 0.4804 0.0480 0.4360 0.0009 0.0064 0.0974 0.0010 0.2931 0.0469 0.1359 0.0000 0.2182 0.0902
HMP70 0.8916 0.3616 0.8253 0.0325 0.0865 0.2718 0.0693 0.4434 0.0152 0.4533 0.0276 0.3911 0.0008 0.0000 0.1066 0.0071 0.3328 0.0471 0.1477 0.0024 0.1623 0.0564
HMP80 0.2575 0.0232 0.3772 0.4639 0.0817 0.0407 0.3252 0.1780 0.1862 0.1793 0.0043 0.0013 0.0823 0.0755 0.0260 0.2370 0.0045 0.2930 0.1308 0.4779 0.1837 0.3029
HMP81 0.8750 0.4713 0.9682 0.3230 0.0410 0.0093 0.1311 0.6717 0.3582 0.6471 0.0651 0.3341 0.1031 0.1618 0.0536 0.0930 0.0236 0.0275 0.0012 0.0030 0.0815 0.0251
HMP82 0.0404 0.0081 0.1499 0.8782 0.5008 0.4804 0.8041 0.1366 0.5620 0.1190 0.3249 0.0241 0.0903 0.0337 0.5099 0.0104 0.2105 0.6718 0.4946 0.6507 0.3391 0.4821
HMP83 0.0005 0.2821 0.0043 0.0431 0.0153 0.0110 0.1750 0.2057 0.1504 0.2205 0.2625 0.3872 0.1421 0.0288 0.0113 0.2216 0.1996 0.0976 0.1492 0.0340 0.0125 0.0212
HMP84 0.3800 0.8148 0.4001 0.0905 0.0964 0.0073 0.0070 0.8993 0.0113 0.9117 0.2819 0.7010 0.2468 0.1250 0.0577 0.2194 0.1857 0.0009 0.0426 0.0001 0.0199 0.0071
HMP85 0.7445 0.3936 0.8142 0.2497 0.0116 0.0255 0.0791 0.5560 0.1225 0.5625 0.0072 0.2084 0.0119 0.0080 0.0714 0.0126 0.0763 0.0334 0.0001 0.0757 0.0017 0.0072
HMP86 0.5987 0.4807 0.5323 0.0063 0.0168 0.1657 0.0664 0.2464 0.0847 0.2416 0.1444 0.2377 0.4092 0.4468 0.6163 0.1242 0.0429 0.0311 0.0394 0.2288 0.3260 0.3057
HMP87 0.0581 0.1751 0.1366 0.4684 0.4842 0.2226 0.0169 0.3407 0.1332 0.3457 0.0194 0.0097 0.0530 0.0086 0.0024 0.0044 0.0330 0.4031 0.2201 0.2944 0.3417 0.3498
HMP88 0.8455 0.2552 0.7781 0.0269 0.1073 0.2627 0.0536 0.2688 0.0527 0.2694 0.0033 0.2325 0.0016 0.0141 0.1737 0.0037 0.1789 0.0361 0.0904 0.0055 0.2240 0.1095
HMP89 0.7832 0.4370 0.8257 0.1889 0.0024 0.0522 0.0415 0.5373 0.1041 0.5446 0.0002 0.2346 0.0294 0.0229 0.1309 0.0056 0.0937 0.0132 0.0039 0.0317 0.0154 0.0000
HMP90 0.0399 0.1372 0.0660 0.1145 0.2094 0.0734 0.0525 0.2761 0.1714 0.2482 0.5741 0.2396 0.1522 0.2114 0.0640 0.6538 0.0045 0.0097 0.0081 0.0108 0.0402 0.0285
HMP91 0.0260 0.0236 0.0937 0.5339 0.5761 0.4094 0.2717 0.1866 0.6637 0.1531 0.3656 0.0149 0.0926 0.2057 0.1956 0.4108 0.2566 0.3219 0.3237 0.0345 0.0150 0.0237
HMP92 0.0402 0.0131 0.1255 0.6192 0.5571 0.4151 0.4161 0.2019 0.6817 0.1680 0.4449 0.0110 0.0290 0.1076 0.2814 0.2801 0.2312 0.3661 0.3375 0.0956 0.0326 0.0576
HMP93 0.0193 0.0225 0.0706 0.4073 0.4774 0.3344 0.2149 0.1549 0.5862 0.1242 0.3603 0.0233 0.1126 0.2424 0.1646 0.4996 0.2224 0.2239 0.2459 0.0067 0.0007 0.0027
HMP94 0.1846 0.3868 0.2747 0.3545 0.3951 0.1058 0.0797 0.7103 0.2116 0.6842 0.6031 0.3595 0.1515 0.1322 0.0378 0.3590 0.0009 0.0899 0.0294 0.0398 0.0024 0.0125
HMP95 0.0449 0.0633 0.1010 0.3231 0.3819 0.2196 0.1700 0.2239 0.4758 0.1892 0.4371 0.0840 0.1359 0.2575 0.1178 0.5776 0.1126 0.1267 0.1330 0.0003 0.0054 0.0016
HMP96 0.5296 0.8910 0.5279 0.0684 0.0534 0.0311 0.0801 0.6946 0.0741 0.6939 0.0011 0.5229 0.6117 0.4828 0.3859 0.2980 0.0693 0.0012 0.0185 0.0832 0.1150 0.1085
HMP97 0.0013 0.0069 0.0161 0.1893 0.2777 0.2062 0.1822 0.1001 0.2914 0.0789 0.5437 0.0462 0.0416 0.1168 0.2313 0.4769 0.0914 0.0740 0.0892 0.0014 0.0023 0.0002
Basal_1 0.0000 0.2208 0.0112 0.2390 0.0214 0.1088 0.7472 0.0039 0.0522 0.0042 0.1355 0.1429 0.7394 0.5936 0.5702 0.4728 0.0266 0.2337 0.1355 0.7732 0.3366 0.5184
Basal_2 0.0006 0.0828 0.0051 0.1918 0.1463 0.2242 0.2348 0.0160 0.6028 0.0304 0.0163 0.0762 0.0181 0.1730 0.1203 0.2152 0.4629 0.1680 0.3001 0.0052 0.0072 0.0066
HR_b 0.0003 0.2678 0.0147 0.4030 0.1330 0.3047 0.8480 0.0170 0.4818 0.0273 0.1139 0.2001 0.2374 0.0535 0.5644 0.0201 0.3402 0.3740 0.3963 0.2959 0.1109 0.1847
SDNN_m 0.5383 0.4825 0.3414 0.1794 0.4332 0.8051 0.1558 0.2035 0.1509 0.2261 0.0265 0.5505 0.0607 0.0250 0.6051 0.0028 0.7198 0.5174 0.6579 0.2277 0.5187 0.4230
MeanHR_m 0.1625 0.0008 0.1817 0.0653 0.0117 0.0125 0.5316 0.1322 0.0059 0.1309 0.5938 0.1016 0.3539 0.2647 0.2674 0.0377 0.1330 0.0009 0.0314 0.2244 0.0004 0.0306
RMSSD_m 0.0001 0.3429 0.0039 0.1107 0.0024 0.0386 0.7378 0.0524 0.0484 0.0564 0.0776 0.1755 0.7787 0.5163 0.4988 0.3911 0.0274 0.1055 0.0738 0.4619 0.1276 0.2478
NN50_m 0.3680 0.7789 0.3742 0.0606 0.0798 0.0107 0.0063 0.8259 0.0316 0.8199 0.3466 0.7751 0.3463 0.2564 0.0554 0.4751 0.1483 0.0129 0.0563 0.0288 0.1051 0.0750
VLF_m 0.7181 0.6891 0.5340 0.0530 0.2061 0.5839 0.0548 0.4576 0.0280 0.4736 0.0235 0.8472 0.1370 0.1058 0.4144 0.1233 0.6326 0.4014 0.5407 0.2220 0.6066 0.4694
LF_m 0.2849 0.4864 0.3733 0.3071 0.3155 0.0538 0.0484 0.7423 0.2686 0.7084 0.4656 0.4397 0.2719 0.2791 0.0021 0.5176 0.0014 0.0491 0.0143 0.0007 0.0163 0.0048
HF_m 0.0272 0.0602 0.1131 0.7309 0.3041 0.3752 0.9183 0.0477 0.4564 0.0386 0.2376 0.0727 0.2402 0.1217 0.5648 0.0827 0.1870 0.5880 0.4347 0.7138 0.3363 0.5008
LFHF_m 0.2794 0.2589 0.4294 0.6113 0.4558 0.1724 0.2671 0.6391 0.5207 0.5968 0.4983 0.2073 0.0965 0.1451 0.0728 0.2910 0.0241 0.2189 0.1261 0.0798 0.0044 0.0245
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mean_BT 0.081 0.266 0.005 0.149 0.004 0.386 0.165 0.079 0.101 0.412 0.272 0.169 0.003 0.000 0.223 0.000 0.572 0.437 0.551 0.175 0.606 0.442
FB01 0.076 0.000 0.099 0.043 0.008 0.006 0.003 0.157 0.021 0.030 0.185 0.052 0.273 0.199 0.126 0.054 0.001 0.015 0.005 0.081 0.002 0.019
FB02 0.040 0.564 0.041 0.028 0.624 0.273 0.160 0.063 0.007 0.050 0.293 0.183 0.001 0.000 0.057 0.413 0.015 0.001 0.010 0.001 0.152 0.052
FB03 0.028 0.105 0.001 0.077 0.041 0.090 0.004 0.257 0.111 0.229 0.175 0.513 0.083 0.034 0.117 0.113 0.355 0.370 0.378 0.082 0.002 0.036
FB04 0.278 0.217 0.315 0.178 0.101 0.175 0.060 0.477 0.084 0.070 0.429 0.046 0.400 0.443 0.201 0.000 0.077 0.096 0.087 0.280 0.019 0.144
FB05 0.179 0.153 0.064 0.223 0.195 0.065 0.082 0.483 0.088 0.277 0.323 0.226 0.266 0.270 0.498 0.007 0.464 0.471 0.490 0.392 0.129 0.310
FB06 0.267 0.561 0.151 0.272 0.412 0.361 0.271 0.247 0.187 0.057 0.326 0.198 0.044 0.029 0.302 0.143 0.278 0.376 0.325 0.142 0.006 0.068
FB07 0.004 0.048 0.010 0.025 0.096 0.012 0.113 0.111 0.016 0.155 0.022 0.073 0.110 0.016 0.004 0.021 0.102 0.150 0.123 0.081 0.001 0.022
FB08 0.218 0.117 0.114 0.232 0.015 0.135 0.058 0.432 0.069 0.230 0.289 0.090 0.320 0.202 0.457 0.000 0.255 0.486 0.341 0.286 0.158 0.276
FB09 0.021 0.000 0.021 0.015 0.009 0.002 0.019 0.046 0.007 0.237 0.031 0.085 0.081 0.003 0.084 0.037 0.158 0.082 0.137 0.025 0.362 0.175
FB10 0.001 0.050 0.004 0.009 0.006 0.106 0.017 0.174 0.088 0.008 0.030 0.021 0.267 0.165 0.240 0.003 0.008 0.052 0.020 0.038 0.000 0.011
FB11 0.052 0.004 0.018 0.066 0.085 0.056 0.105 0.267 0.003 0.092 0.106 0.063 0.333 0.218 0.119 0.034 0.011 0.053 0.023 0.026 0.032 0.036
FB12 0.188 0.045 0.120 0.180 0.057 0.020 0.000 0.527 0.143 0.156 0.202 0.018 0.391 0.301 0.223 0.000 0.223 0.344 0.274 0.463 0.013 0.208
FB13 0.067 0.028 0.014 0.097 0.037 0.100 0.016 0.227 0.032 0.055 0.022 0.031 0.201 0.155 0.057 0.027 0.124 0.117 0.128 0.357 0.010 0.159
FB14 0.010 0.033 0.015 0.056 0.185 0.000 0.001 0.379 0.025 0.096 0.143 0.099 0.181 0.069 0.275 0.038 0.347 0.376 0.375 0.224 0.002 0.088
FB15 0.027 0.090 0.004 0.086 0.134 0.033 0.008 0.592 0.169 0.147 0.243 0.098 0.272 0.098 0.120 0.015 0.424 0.431 0.448 0.295 0.000 0.106
FB16 0.151 0.106 0.062 0.178 0.271 0.017 0.038 0.380 0.120 0.106 0.182 0.020 0.185 0.174 0.270 0.001 0.319 0.318 0.335 0.411 0.036 0.224
FB17 0.001 0.560 0.040 0.031 0.483 0.510 0.103 0.056 0.019 0.003 0.088 0.568 0.006 0.015 0.155 0.366 0.192 0.221 0.205 0.009 0.079 0.044
FB18 0.015 0.333 0.001 0.042 0.336 0.207 0.129 0.070 0.000 0.024 0.103 0.596 0.004 0.012 0.342 0.262 0.144 0.207 0.167 0.000 0.015 0.004
FB19 0.024 0.129 0.015 0.023 0.142 0.061 0.000 0.094 0.020 0.000 0.071 0.379 0.055 0.083 0.172 0.128 0.004 0.018 0.007 0.014 0.099 0.058
FB20 0.075 0.102 0.058 0.064 0.077 0.119 0.002 0.122 0.064 0.053 0.002 0.170 0.190 0.227 0.003 0.695 0.001 0.028 0.006 0.085 0.344 0.240
FB21 0.011 0.470 0.018 0.004 0.399 0.276 0.024 0.187 0.008 0.001 0.348 0.239 0.033 0.014 0.067 0.145 0.086 0.018 0.061 0.001 0.029 0.006
FB22 0.064 0.690 0.033 0.067 0.410 0.498 0.188 0.306 0.123 0.035 0.383 0.255 0.067 0.050 0.283 0.067 0.214 0.250 0.238 0.052 0.011 0.036
FB23 0.015 0.250 0.000 0.033 0.010 0.480 0.001 0.132 0.078 0.175 0.468 0.089 0.038 0.000 0.000 0.016 0.245 0.085 0.192 0.094 0.118 0.132
FB24 0.006 0.250 0.001 0.017 0.018 0.317 0.000 0.145 0.033 0.125 0.464 0.260 0.037 0.001 0.021 0.180 0.253 0.083 0.195 0.089 0.006 0.045
FB25 0.010 0.122 0.008 0.046 0.063 0.094 0.101 0.349 0.060 0.471 0.006 0.092 0.344 0.268 0.142 0.066 0.306 0.437 0.365 0.322 0.109 0.257
FB26 0.083 0.153 0.043 0.088 0.161 0.077 0.000 0.400 0.245 0.064 0.219 0.133 0.177 0.141 0.014 0.055 0.180 0.141 0.175 0.189 0.046 0.018
FB27 0.139 0.513 0.112 0.115 0.176 0.464 0.209 0.250 0.076 0.184 0.416 0.307 0.087 0.100 0.528 0.060 0.309 0.362 0.343 0.178 0.133 0.195
FB28 0.024 0.741 0.007 0.032 0.607 0.446 0.256 0.010 0.048 0.005 0.229 0.333 0.058 0.059 0.055 0.486 0.113 0.045 0.091 0.003 0.048 0.023
FB29 0.025 0.838 0.001 0.047 0.640 0.527 0.283 0.046 0.084 0.001 0.256 0.278 0.028 0.056 0.105 0.334 0.177 0.134 0.170 0.000 0.011 0.005
FB30 0.002 0.201 0.164 0.042 0.483 0.036 0.142 0.002 0.141 0.000 0.001 0.291 0.144 0.222 0.001 0.126 0.220 0.207 0.227 0.072 0.026 0.058
FB31 0.587 0.007 0.267 0.664 0.023 0.001 0.297 0.029 0.007 0.052 0.005 0.034 0.014 0.022 0.011 0.002 0.041 0.058 0.049 0.065 0.281 0.189
FB32 0.059 0.018 0.002 0.160 0.069 0.001 0.000 0.200 0.111 0.197 0.077 0.210 0.052 0.005 0.116 0.112 0.446 0.480 0.481 0.197 0.001 0.073
FH01 0.028 0.128 0.006 0.095 0.144 0.061 0.074 0.142 0.004 0.183 0.184 0.498 0.027 0.004 0.457 0.201 0.426 0.460 0.460 0.077 0.046 0.077
FH02 0.001 0.006 0.090 0.058 0.022 0.000 0.006 0.205 0.144 0.159 0.017 0.409 0.043 0.001 0.017 0.043 0.316 0.401 0.361 0.013 0.005 0.001
FH03 0.002 0.007 0.020 0.001 0.000 0.011 0.025 0.156 0.039 0.093 0.034 0.364 0.085 0.044 0.023 0.049 0.082 0.134 0.103 0.003 0.023 0.002
FH04 0.036 0.027 0.116 0.004 0.018 0.018 0.052 0.322 0.033 0.010 0.060 0.150 0.171 0.036 0.009 0.003 0.050 0.112 0.072 0.001 0.045 0.018
FH05 0.005 0.136 0.000 0.011 0.377 0.018 0.021 0.004 0.013 0.334 0.014 0.036 0.052 0.046 0.030 0.261 0.102 0.030 0.077 0.226 0.722 0.541
FH06 0.023 0.041 0.091 0.001 0.264 0.001 0.000 0.114 0.119 0.016 0.007 0.433 0.004 0.006 0.052 0.074 0.125 0.238 0.167 0.005 0.125 0.054
FH07 0.008 0.043 0.024 0.059 0.046 0.022 0.005 0.449 0.107 0.219 0.130 0.286 0.207 0.070 0.199 0.023 0.400 0.548 0.470 0.142 0.007 0.069
FH08 0.012 0.103 0.107 0.003 0.120 0.047 0.000 0.147 0.004 0.012 0.138 0.170 0.148 0.191 0.063 0.029 0.000 0.005 0.001 0.209 0.000 0.075
FH09 0.146 0.547 0.123 0.118 0.284 0.421 0.293 0.015 0.142 0.064 0.194 0.086 0.023 0.005 0.163 0.109 0.263 0.176 0.244 0.134 0.071 0.127
FH10 0.034 0.003 0.052 0.016 0.003 0.001 0.009 0.000 0.002 0.010 0.001 0.246 0.003 0.020 0.004 0.189 0.005 0.001 0.002 0.132 0.210 0.210
FH11 0.261 0.134 0.321 0.155 0.014 0.161 0.095 0.229 0.004 0.203 0.529 0.080 0.281 0.330 0.603 0.027 0.139 0.126 0.142 0.413 0.222 0.393
FH12 0.000 0.109 0.039 0.022 0.026 0.110 0.020 0.700 0.216 0.394 0.251 0.294 0.335 0.163 0.199 0.002 0.583 0.630 0.629 0.264 0.072 0.196
FH13 0.033 0.237 0.013 0.124 0.090 0.207 0.039 0.342 0.194 0.352 0.316 0.119 0.073 0.013 0.184 0.003 0.766 0.563 0.730 0.306 0.331 0.399
FH14 0.197 0.276 0.042 0.286 0.139 0.215 0.220 0.173 0.017 0.014 0.292 0.044 0.058 0.000 0.256 0.056 0.145 0.279 0.194 0.038 0.051 0.056
FH15 0.476 0.193 0.581 0.285 0.315 0.063 0.462 0.022 0.001 0.018 0.109 0.027 0.022 0.125 0.193 0.076 0.006 0.000 0.002 0.017 0.003 0.002
FH16 0.069 0.100 0.002 0.187 0.053 0.076 0.020 0.417 0.085 0.244 0.266 0.263 0.182 0.045 0.237 0.022 0.474 0.551 0.525 0.160 0.079 0.147
FH17 0.175 0.114 0.021 0.288 0.143 0.049 0.050 0.438 0.145 0.101 0.185 0.128 0.201 0.073 0.203 0.020 0.292 0.487 0.370 0.149 0.008 0.074
FH18 0.000 0.136 0.041 0.012 0.027 0.144 0.009 0.339 0.084 0.238 0.255 0.432 0.117 0.022 0.131 0.099 0.419 0.398 0.433 0.106 0.005 0.051
FH19 0.055 0.024 0.007 0.091 0.027 0.011 0.008 0.107 0.260 0.132 0.023 0.099 0.061 0.053 0.002 0.017 0.059 0.224 0.108 0.018 0.003 0.003
FH20 0.001 0.000 0.009 0.001 0.103 0.024 0.094 0.401 0.120 0.559 0.068 0.206 0.326 0.251 0.149 0.057 0.317 0.440 0.375 0.248 0.158 0.253
FH21 0.015 0.164 0.011 0.066 0.024 0.184 0.184 0.046 0.166 0.365 0.014 0.401 0.004 0.001 0.292 0.007 0.479 0.644 0.559 0.021 0.409 0.185
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HMP1 0.135 0.001 0.123 0.103 0.000 0.002 0.026 0.023 0.021 0.239 0.037 0.005 0.022 0.055 0.236 0.012 0.210 0.183 0.211 0.459 0.313 0.483
HMP2 0.159 0.000 0.166 0.110 0.001 0.000 0.024 0.010 0.035 0.172 0.015 0.022 0.012 0.046 0.136 0.017 0.133 0.121 0.136 0.399 0.227 0.389
HMP3 0.106 0.040 0.211 0.034 0.127 0.004 0.009 0.007 0.022 0.052 0.000 0.140 0.018 0.039 0.179 0.048 0.000 0.022 0.001 0.173 0.230 0.251
HMP4 0.026 0.105 0.223 0.005 0.148 0.040 0.006 0.022 0.016 0.001 0.050 0.313 0.021 0.133 0.003 0.213 0.152 0.075 0.130 0.046 0.046 0.058
HMP5 0.066 0.038 0.162 0.014 0.018 0.030 0.041 0.001 0.020 0.046 0.083 0.016 0.006 0.030 0.378 0.020 0.049 0.039 0.048 0.299 0.134 0.265
HMP6 0.007 0.000 0.073 0.095 0.007 0.004 0.005 0.017 0.473 0.069 0.080 0.192 0.021 0.066 0.150 0.019 0.106 0.243 0.153 0.073 0.001 0.031
HMP7 0.019 0.106 0.083 0.163 0.120 0.050 0.037 0.121 0.694 0.043 0.004 0.132 0.008 0.072 0.063 0.006 0.298 0.430 0.357 0.008 0.002 0.006
HMP8 0.122 0.066 0.001 0.300 0.071 0.033 0.167 0.004 0.705 0.105 0.055 0.200 0.101 0.107 0.024 0.000 0.292 0.471 0.365 0.003 0.007 0.000
HMP9 0.014 0.059 0.022 0.079 0.117 0.015 0.003 0.019 0.335 0.065 0.144 0.039 0.001 0.003 0.166 0.153 0.017 0.134 0.046 0.046 0.002 0.011
HMP10 0.009 0.002 0.058 0.095 0.000 0.002 0.006 0.103 0.119 0.008 0.001 0.041 0.021 0.025 0.000 0.154 0.083 0.260 0.138 0.000 0.075 0.025
HMP11 0.028 0.008 0.354 0.022 0.016 0.002 0.000 0.044 0.198 0.082 0.024 0.234 0.017 0.145 0.000 0.001 0.310 0.498 0.387 0.029 0.003 0.005
HMP12 0.135 0.273 0.010 0.243 0.057 0.286 0.308 0.019 0.499 0.010 0.003 0.124 0.248 0.303 0.077 0.037 0.105 0.174 0.133 0.062 0.001 0.017
HMP13 0.027 0.003 0.024 0.124 0.052 0.003 0.002 0.001 0.435 0.093 0.099 0.058 0.033 0.107 0.106 0.019 0.106 0.297 0.167 0.016 0.003 0.002
HMP14 0.101 0.204 0.000 0.228 0.014 0.261 0.126 0.048 0.474 0.054 0.009 0.167 0.012 0.085 0.011 0.006 0.163 0.366 0.234 0.015 0.005 0.001
HMP15 0.015 0.015 0.077 0.000 0.030 0.004 0.214 0.297 0.001 0.004 0.161 0.425 0.506 0.344 0.029 0.141 0.022 0.060 0.034 0.289 0.006 0.073
HMP16 0.315 0.125 0.424 0.170 0.002 0.180 0.003 0.000 0.033 0.001 0.008 0.153 0.067 0.169 0.014 0.000 0.014 0.040 0.023 0.272 0.002 0.105
HMP17 0.255 0.044 0.086 0.323 0.007 0.099 0.010 0.192 0.298 0.000 0.084 0.070 0.109 0.003 0.111 0.053 0.010 0.055 0.022 0.022 0.000 0.008
HMP18 0.026 0.120 0.011 0.031 0.000 0.193 0.063 0.573 0.401 0.055 0.224 0.017 0.338 0.120 0.019 0.073 0.104 0.125 0.117 0.207 0.000 0.069
HMP19 0.315 0.125 0.424 0.170 0.002 0.180 0.003 0.000 0.033 0.001 0.008 0.153 0.067 0.169 0.014 0.000 0.014 0.040 0.023 0.272 0.002 0.105
HMP20 0.002 0.010 0.055 0.053 0.165 0.121 0.029 0.079 0.000 0.113 0.129 0.071 0.193 0.294 0.049 0.319 0.001 0.006 0.000 0.195 0.372 0.344
HMP21 0.172 0.059 0.223 0.097 0.008 0.128 0.013 0.014 0.125 0.098 0.105 0.040 0.007 0.029 0.007 0.027 0.041 0.007 0.028 0.117 0.005 0.056
HMP22 0.127 0.004 0.143 0.081 0.068 0.004 0.001 0.000 0.092 0.156 0.003 0.060 0.000 0.025 0.018 0.006 0.032 0.008 0.023 0.078 0.011 0.048
HMP23 0.127 0.025 0.023 0.193 0.000 0.042 0.018 0.003 0.217 0.153 0.026 0.167 0.015 0.025 0.028 0.096 0.206 0.120 0.184 0.049 0.001 0.021
HMP24 0.053 0.029 0.016 0.189 0.052 0.008 0.141 0.056 0.200 0.076 0.029 0.353 0.297 0.313 0.016 0.188 0.260 0.228 0.262 0.016 0.000 0.006
HMP25 0.004 0.004 0.171 0.032 0.068 0.050 0.106 0.126 0.135 0.018 0.480 0.118 0.393 0.392 0.084 0.002 0.008 0.097 0.028 0.417 0.043 0.236
HMP26 0.223 0.031 0.327 0.110 0.011 0.079 0.005 0.019 0.093 0.037 0.110 0.000 0.028 0.059 0.026 0.010 0.004 0.003 0.001 0.141 0.000 0.047
HMP27 0.195 0.004 0.223 0.123 0.032 0.034 0.000 0.056 0.246 0.093 0.034 0.001 0.051 0.095 0.059 0.013 0.020 0.007 0.016 0.138 0.002 0.058
HMP28 0.104 0.013 0.145 0.055 0.037 0.063 0.039 0.253 0.257 0.103 0.135 0.007 0.240 0.236 0.052 0.067 0.032 0.008 0.023 0.250 0.004 0.105
HMP29 0.171 0.032 0.125 0.152 0.001 0.044 0.000 0.324 0.578 0.084 0.040 0.005 0.188 0.204 0.055 0.167 0.069 0.079 0.076 0.179 0.005 0.079
HMP30 0.000 0.000 0.069 0.022 0.082 0.017 0.027 0.016 0.317 0.013 0.243 0.021 0.016 0.015 0.066 0.114 0.002 0.105 0.020 0.167 0.038 0.117
HMP31 0.185 0.060 0.247 0.101 0.006 0.125 0.018 0.012 0.121 0.090 0.100 0.037 0.006 0.034 0.006 0.027 0.034 0.004 0.022 0.114 0.005 0.054
HMP32 0.153 0.002 0.191 0.090 0.053 0.004 0.006 0.001 0.085 0.133 0.002 0.053 0.000 0.033 0.014 0.006 0.019 0.003 0.013 0.074 0.010 0.044
HMP33 0.195 0.031 0.079 0.232 0.001 0.043 0.048 0.000 0.211 0.129 0.023 0.156 0.018 0.011 0.021 0.098 0.154 0.084 0.135 0.050 0.000 0.020
HMP34 0.104 0.038 0.000 0.239 0.077 0.009 0.222 0.078 0.205 0.063 0.034 0.356 0.328 0.268 0.011 0.201 0.212 0.188 0.214 0.016 0.000 0.006
HMP35 0.001 0.003 0.134 0.039 0.080 0.051 0.133 0.141 0.138 0.023 0.501 0.118 0.412 0.375 0.081 0.002 0.004 0.086 0.021 0.428 0.045 0.244
HMP36 0.217 0.031 0.313 0.108 0.012 0.080 0.004 0.021 0.095 0.039 0.112 0.000 0.029 0.057 0.028 0.010 0.005 0.002 0.001 0.143 0.000 0.048
HMP37 0.170 0.004 0.181 0.116 0.041 0.035 0.002 0.067 0.261 0.107 0.038 0.001 0.056 0.084 0.068 0.014 0.030 0.012 0.025 0.144 0.003 0.061
HMP38 0.073 0.010 0.088 0.044 0.052 0.065 0.069 0.292 0.273 0.123 0.147 0.006 0.260 0.209 0.062 0.072 0.051 0.017 0.039 0.259 0.005 0.111
HMP39 0.118 0.027 0.057 0.130 0.000 0.046 0.010 0.390 0.626 0.110 0.047 0.004 0.212 0.170 0.069 0.181 0.109 0.119 0.118 0.188 0.006 0.086
HMP40 0.004 0.000 0.105 0.016 0.070 0.017 0.015 0.020 0.315 0.009 0.233 0.022 0.014 0.022 0.071 0.113 0.006 0.122 0.029 0.165 0.035 0.114
HMP41 0.179 0.016 0.002 0.371 0.095 0.108 0.056 0.036 0.299 0.167 0.022 0.007 0.000 0.052 0.043 0.058 0.189 0.272 0.227 0.009 0.220 0.095
HMP42 0.034 0.273 0.001 0.093 0.353 0.115 0.000 0.029 0.002 0.006 0.117 0.032 0.001 0.016 0.173 0.176 0.023 0.001 0.013 0.059 0.053 0.000
HMP43 0.145 0.121 0.283 0.048 0.248 0.029 0.105 0.004 0.016 0.002 0.127 0.008 0.005 0.008 0.167 0.371 0.011 0.001 0.003 0.153 0.019 0.023
HMP44 0.007 0.001 0.025 0.056 0.273 0.059 0.020 0.068 0.231 0.066 0.003 0.015 0.030 0.012 0.220 0.245 0.030 0.065 0.042 0.002 0.089 0.019
HMP45 0.223 0.038 0.037 0.345 0.010 0.037 0.145 0.002 0.699 0.055 0.056 0.069 0.054 0.049 0.086 0.008 0.102 0.257 0.154 0.004 0.001 0.001
HMP46 0.265 0.027 0.058 0.383 0.018 0.018 0.164 0.000 0.643 0.031 0.065 0.064 0.062 0.046 0.109 0.002 0.068 0.190 0.107 0.008 0.002 0.006
HMP47 0.135 0.035 0.012 0.235 0.012 0.032 0.061 0.035 0.797 0.032 0.057 0.015 0.011 0.018 0.119 0.065 0.082 0.249 0.134 0.002 0.000 0.001
HMP48 0.183 0.046 0.031 0.282 0.031 0.031 0.126 0.008 0.756 0.016 0.075 0.028 0.041 0.034 0.123 0.028 0.058 0.200 0.101 0.012 0.004 0.009
HMP49 0.018 0.054 0.023 0.010 0.045 0.033 0.005 0.032 0.136 0.002 0.037 0.387 0.160 0.067 0.087 0.140 0.012 0.003 0.008 0.106 0.150 0.159
HMP50 0.000 0.004 0.001 0.000 0.083 0.006 0.014 0.063 0.066 0.022 0.120 0.264 0.160 0.061 0.085 0.212 0.007 0.001 0.004 0.161 0.363 0.313
HMP51 0.014 0.001 0.007 0.057 0.080 0.036 0.000 0.041 0.021 0.242 0.239 0.000 0.043 0.000 0.116 0.002 0.269 0.126 0.226 0.209 0.495 0.418
HMP52 0.010 0.011 0.020 0.060 0.210 0.013 0.020 0.071 0.000 0.361 0.186 0.009 0.076 0.002 0.018 0.019 0.293 0.126 0.242 0.203 0.433 0.381
HMP53 0.009 0.000 0.103 0.005 0.124 0.029 0.043 0.110 0.012 0.205 0.178 0.000 0.094 0.003 0.102 0.013 0.254 0.210 0.251 0.145 0.343 0.290
HMP54 0.093 0.003 0.260 0.014 0.119 0.014 0.145 0.143 0.001 0.107 0.060 0.000 0.099 0.009 0.047 0.024 0.158 0.229 0.190 0.042 0.117 0.092
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HMP55 0.004 0.000 0.088 0.011 0.090 0.035 0.077 0.261 0.001 0.280 0.310 0.006 0.215 0.010 0.102 0.007 0.350 0.243 0.328 0.252 0.281 0.334
HMP56 0.086 0.036 0.194 0.022 0.003 0.045 0.102 0.345 0.002 0.055 0.204 0.021 0.209 0.009 0.175 0.004 0.189 0.238 0.216 0.080 0.015 0.053
HMP57 0.002 0.008 0.003 0.001 0.014 0.003 0.036 0.098 0.168 0.248 0.274 0.029 0.192 0.129 0.559 0.062 0.200 0.100 0.171 0.490 0.175 0.399
HMP58 0.019 0.000 0.009 0.020 0.005 0.003 0.088 0.010 0.006 0.283 0.012 0.338 0.007 0.027 0.153 0.003 0.137 0.041 0.104 0.030 0.310 0.161
HMP59 0.052 0.006 0.235 0.000 0.082 0.064 0.005 0.005 0.002 0.072 0.037 0.000 0.002 0.146 0.008 0.014 0.151 0.132 0.152 0.000 0.251 0.076
HMP60 0.029 0.001 0.210 0.003 0.013 0.009 0.042 0.119 0.007 0.075 0.112 0.025 0.056 0.026 0.067 0.014 0.211 0.223 0.226 0.030 0.054 0.051
HMP61 0.445 0.019 0.174 0.535 0.052 0.091 0.092 0.169 0.182 0.464 0.203 0.004 0.121 0.070 0.065 0.084 0.375 0.346 0.384 0.405 0.612 0.628
HMP62 0.064 0.083 0.010 0.205 0.302 0.004 0.007 0.000 0.139 0.167 0.041 0.000 0.002 0.040 0.088 0.213 0.075 0.144 0.101 0.002 0.267 0.065
HMP63 0.040 0.030 0.240 0.001 0.076 0.005 0.011 0.063 0.093 0.026 0.203 0.000 0.160 0.425 0.493 0.010 0.006 0.003 0.001 0.360 0.050 0.220
HMP64 0.015 0.023 0.004 0.020 0.091 0.128 0.226 0.387 0.106 0.006 0.210 0.172 0.370 0.136 0.150 0.291 0.001 0.007 0.000 0.085 0.008 0.046
HMP65 0.026 0.026 0.000 0.064 0.165 0.184 0.020 0.012 0.062 0.038 0.014 0.000 0.002 0.043 0.003 0.057 0.015 0.115 0.040 0.014 0.144 0.019
HMP66 0.029 0.005 0.009 0.038 0.156 0.093 0.049 0.151 0.258 0.002 0.028 0.140 0.122 0.007 0.261 0.215 0.001 0.005 0.000 0.006 0.001 0.004
HMP67 0.002 0.497 0.003 0.001 0.506 0.257 0.130 0.008 0.000 0.004 0.257 0.181 0.025 0.012 0.237 0.381 0.182 0.046 0.133 0.055 0.000 0.019
HMP68 0.018 0.193 0.007 0.022 0.409 0.043 0.004 0.022 0.001 0.000 0.147 0.061 0.001 0.002 0.084 0.177 0.114 0.001 0.059 0.082 0.013 0.011
HMP69 0.053 0.139 0.010 0.079 0.000 0.234 0.024 0.054 0.514 0.015 0.002 0.049 0.000 0.008 0.131 0.014 0.022 0.086 0.041 0.020 0.006 0.015
HMP70 0.188 0.056 0.069 0.231 0.027 0.154 0.040 0.018 0.515 0.044 0.000 0.001 0.002 0.023 0.129 0.021 0.039 0.122 0.065 0.001 0.006 0.004
HMP80 0.109 0.039 0.067 0.107 0.014 0.034 0.093 0.012 0.392 0.000 0.101 0.023 0.086 0.046 0.072 0.001 0.000 0.063 0.009 0.038 0.047 0.053
HMP81 0.000 0.039 0.038 0.016 0.018 0.105 0.024 0.021 0.086 0.004 0.025 0.059 0.100 0.277 0.081 0.022 0.000 0.053 0.007 0.237 0.019 0.126
HMP82 0.002 0.059 0.008 0.019 0.160 0.008 0.011 0.061 0.189 0.146 0.024 0.084 0.000 0.014 0.004 0.004 0.354 0.107 0.269 0.146 0.055 0.121
HMP83 0.291 0.150 0.271 0.219 0.037 0.150 0.062 0.045 0.000 0.044 0.528 0.001 0.037 0.012 0.086 0.174 0.119 0.014 0.076 0.389 0.043 0.224
HMP84 0.303 0.298 0.252 0.247 0.046 0.333 0.097 0.034 0.064 0.014 0.381 0.003 0.003 0.006 0.009 0.218 0.085 0.038 0.070 0.157 0.000 0.057
HMP85 0.053 0.000 0.000 0.123 0.020 0.007 0.025 0.008 0.027 0.136 0.129 0.006 0.007 0.015 0.157 0.000 0.215 0.142 0.199 0.172 0.411 0.345
HMP86 0.060 0.486 0.031 0.064 0.021 0.651 0.165 0.034 0.080 0.001 0.180 0.030 0.000 0.043 0.012 0.029 0.014 0.074 0.031 0.017 0.011 0.000
HMP87 0.234 0.087 0.042 0.355 0.127 0.032 0.128 0.035 0.435 0.152 0.025 0.215 0.011 0.001 0.012 0.033 0.344 0.190 0.302 0.076 0.007 0.041
HMP88 0.102 0.397 0.008 0.182 0.077 0.421 0.092 0.159 0.151 0.202 0.399 0.055 0.010 0.015 0.164 0.051 0.572 0.465 0.563 0.267 0.201 0.294
HMP89 0.004 0.278 0.001 0.014 0.009 0.383 0.015 0.111 0.003 0.064 0.356 0.001 0.030 0.016 0.244 0.016 0.230 0.246 0.248 0.155 0.191 0.216
HMP90 0.047 0.102 0.014 0.063 0.020 0.235 0.032 0.663 0.455 0.469 0.326 0.043 0.407 0.271 0.009 0.126 0.415 0.332 0.406 0.451 0.183 0.385
HMP91 0.143 0.046 0.008 0.266 0.021 0.124 0.006 0.407 0.323 0.161 0.238 0.007 0.214 0.011 0.007 0.038 0.275 0.305 0.299 0.240 0.075 0.186
HMP92 0.001 0.000 0.008 0.000 0.214 0.074 0.308 0.398 0.064 0.145 0.311 0.128 0.396 0.080 0.026 0.137 0.116 0.040 0.091 0.370 0.092 0.267
HMP93 0.352 0.192 0.087 0.493 0.112 0.140 0.244 0.205 0.568 0.187 0.046 0.272 0.022 0.021 0.038 0.000 0.333 0.535 0.415 0.051 0.045 0.060
HMP94 0.249 0.015 0.083 0.317 0.047 0.076 0.001 0.415 0.090 0.171 0.357 0.020 0.379 0.087 0.031 0.022 0.185 0.237 0.212 0.378 0.139 0.311
HMP95 0.318 0.079 0.067 0.463 0.016 0.182 0.106 0.050 0.208 0.019 0.115 0.043 0.008 0.040 0.062 0.030 0.065 0.091 0.077 0.018 0.109 0.066
HMP96 0.010 0.001 0.035 0.077 0.135 0.023 0.021 0.186 0.095 0.040 0.048 0.073 0.135 0.000 0.069 0.275 0.050 0.078 0.062 0.012 0.135 0.069
HMP97 0.584 0.126 0.354 0.576 0.001 0.187 0.125 0.109 0.118 0.073 0.317 0.002 0.064 0.005 0.026 0.035 0.129 0.155 0.144 0.256 0.063 0.184
Basal_1 0.074 0.530 0.125 0.030 0.157 0.503 0.061 0.140 0.110 0.041 0.474 0.128 0.034 0.060 0.024 0.093 0.112 0.013 0.072 0.123 0.001 0.048
Basal_2 0.154 0.196 0.191 0.091 0.005 0.273 0.013 0.227 0.106 0.125 0.503 0.001 0.170 0.197 0.003 0.008 0.119 0.005 0.068 0.341 0.110 0.267
HR_b 0.127 0.343 0.176 0.067 0.047 0.392 0.031 0.204 0.117 0.091 0.532 0.032 0.109 0.141 0.010 0.006 0.126 0.009 0.075 0.256 0.046 0.167
SDNN_m 0.484 0.049 0.255 0.512 0.008 0.110 0.220 0.006 0.069 0.136 0.108 0.089 0.001 0.000 0.024 0.050 0.104 0.135 0.119 0.056 0.105 0.098
MeanHR_m 0.188 0.451 0.232 0.111 0.131 0.431 0.214 0.011 0.022 0.007 0.431 0.006 0.000 0.002 0.020 0.076 0.059 0.001 0.025 0.108 0.051 0.098
RMSSD_m 0.046 0.032 0.002 0.087 0.030 0.017 0.031 0.019 0.275 0.017 0.178 0.037 0.047 0.003 0.323 0.134 0.000 0.000 0.000 0.089 0.002 0.023
NN50_m 0.077 0.286 0.159 0.024 0.074 0.282 0.078 0.014 0.065 0.004 0.508 0.012 0.015 0.002 0.344 0.175 0.050 0.007 0.033 0.250 0.075 0.192
VLF_m 0.539 0.054 0.232 0.624 0.001 0.097 0.274 0.003 0.066 0.150 0.116 0.080 0.001 0.010 0.045 0.076 0.170 0.202 0.190 0.080 0.139 0.134
LF_m 0.002 0.135 0.000 0.005 0.334 0.023 0.004 0.008 0.115 0.127 0.178 0.031 0.001 0.012 0.108 0.275 0.000 0.010 0.001 0.028 0.084 0.004
HF_m 0.074 0.244 0.198 0.013 0.111 0.199 0.099 0.019 0.140 0.001 0.440 0.000 0.035 0.030 0.604 0.210 0.020 0.008 0.016 0.210 0.049 0.148
LFHF_m 0.208 0.003 0.376 0.078 0.061 0.043 0.153 0.008 0.002 0.102 0.012 0.033 0.006 0.110 0.153 0.007 0.001 0.005 0.000 0.036 0.220 0.132
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mean_BT 0.081 0.266 0.005 0.149 0.004 0.386 0.165 0.079 0.101 0.412 0.272 0.169 0.003 0.000 0.223 0.000 0.572 0.437 0.551 0.175 0.606 0.442
FB01 0.076 0.000 0.099 0.043 0.008 0.006 0.003 0.157 0.021 0.030 0.185 0.052 0.273 0.199 0.126 0.054 0.001 0.015 0.005 0.081 0.002 0.019
FB02 0.040 0.564 0.041 0.028 0.624 0.273 0.160 0.063 0.007 0.050 0.293 0.183 0.001 0.000 0.057 0.413 0.015 0.001 0.010 0.001 0.152 0.052
FB03 0.028 0.105 0.001 0.077 0.041 0.090 0.004 0.257 0.111 0.229 0.175 0.513 0.083 0.034 0.117 0.113 0.355 0.370 0.378 0.082 0.002 0.036
FB04 0.278 0.217 0.315 0.178 0.101 0.175 0.060 0.477 0.084 0.070 0.429 0.046 0.400 0.443 0.201 0.000 0.077 0.096 0.087 0.280 0.019 0.144
FB05 0.179 0.153 0.064 0.223 0.195 0.065 0.082 0.483 0.088 0.277 0.323 0.226 0.266 0.270 0.498 0.007 0.464 0.471 0.490 0.392 0.129 0.310
FB06 0.267 0.561 0.151 0.272 0.412 0.361 0.271 0.247 0.187 0.057 0.326 0.198 0.044 0.029 0.302 0.143 0.278 0.376 0.325 0.142 0.006 0.068
FB07 0.004 0.048 0.010 0.025 0.096 0.012 0.113 0.111 0.016 0.155 0.022 0.073 0.110 0.016 0.004 0.021 0.102 0.150 0.123 0.081 0.001 0.022
FB08 0.218 0.117 0.114 0.232 0.015 0.135 0.058 0.432 0.069 0.230 0.289 0.090 0.320 0.202 0.457 0.000 0.255 0.486 0.341 0.286 0.158 0.276
FB09 0.021 0.000 0.021 0.015 0.009 0.002 0.019 0.046 0.007 0.237 0.031 0.085 0.081 0.003 0.084 0.037 0.158 0.082 0.137 0.025 0.362 0.175
FB10 0.001 0.050 0.004 0.009 0.006 0.106 0.017 0.174 0.088 0.008 0.030 0.021 0.267 0.165 0.240 0.003 0.008 0.052 0.020 0.038 0.000 0.011
FB11 0.052 0.004 0.018 0.066 0.085 0.056 0.105 0.267 0.003 0.092 0.106 0.063 0.333 0.218 0.119 0.034 0.011 0.053 0.023 0.026 0.032 0.036
FB12 0.188 0.045 0.120 0.180 0.057 0.020 0.000 0.527 0.143 0.156 0.202 0.018 0.391 0.301 0.223 0.000 0.223 0.344 0.274 0.463 0.013 0.208
FB13 0.067 0.028 0.014 0.097 0.037 0.100 0.016 0.227 0.032 0.055 0.022 0.031 0.201 0.155 0.057 0.027 0.124 0.117 0.128 0.357 0.010 0.159
FB14 0.010 0.033 0.015 0.056 0.185 0.000 0.001 0.379 0.025 0.096 0.143 0.099 0.181 0.069 0.275 0.038 0.347 0.376 0.375 0.224 0.002 0.088
FB15 0.027 0.090 0.004 0.086 0.134 0.033 0.008 0.592 0.169 0.147 0.243 0.098 0.272 0.098 0.120 0.015 0.424 0.431 0.448 0.295 0.000 0.106
FB16 0.151 0.106 0.062 0.178 0.271 0.017 0.038 0.380 0.120 0.106 0.182 0.020 0.185 0.174 0.270 0.001 0.319 0.318 0.335 0.411 0.036 0.224
FB17 0.001 0.560 0.040 0.031 0.483 0.510 0.103 0.056 0.019 0.003 0.088 0.568 0.006 0.015 0.155 0.366 0.192 0.221 0.205 0.009 0.079 0.044
FB18 0.015 0.333 0.001 0.042 0.336 0.207 0.129 0.070 0.000 0.024 0.103 0.596 0.004 0.012 0.342 0.262 0.144 0.207 0.167 0.000 0.015 0.004
FB19 0.024 0.129 0.015 0.023 0.142 0.061 0.000 0.094 0.020 0.000 0.071 0.379 0.055 0.083 0.172 0.128 0.004 0.018 0.007 0.014 0.099 0.058
FB20 0.075 0.102 0.058 0.064 0.077 0.119 0.002 0.122 0.064 0.053 0.002 0.170 0.190 0.227 0.003 0.695 0.001 0.028 0.006 0.085 0.344 0.240
FB21 0.011 0.470 0.018 0.004 0.399 0.276 0.024 0.187 0.008 0.001 0.348 0.239 0.033 0.014 0.067 0.145 0.086 0.018 0.061 0.001 0.029 0.006
FB22 0.064 0.690 0.033 0.067 0.410 0.498 0.188 0.306 0.123 0.035 0.383 0.255 0.067 0.050 0.283 0.067 0.214 0.250 0.238 0.052 0.011 0.036
FB23 0.015 0.250 0.000 0.033 0.010 0.480 0.001 0.132 0.078 0.175 0.468 0.089 0.038 0.000 0.000 0.016 0.245 0.085 0.192 0.094 0.118 0.132
FB24 0.006 0.250 0.001 0.017 0.018 0.317 0.000 0.145 0.033 0.125 0.464 0.260 0.037 0.001 0.021 0.180 0.253 0.083 0.195 0.089 0.006 0.045
FB25 0.010 0.122 0.008 0.046 0.063 0.094 0.101 0.349 0.060 0.471 0.006 0.092 0.344 0.268 0.142 0.066 0.306 0.437 0.365 0.322 0.109 0.257
FB26 0.083 0.153 0.043 0.088 0.161 0.077 0.000 0.400 0.245 0.064 0.219 0.133 0.177 0.141 0.014 0.055 0.180 0.141 0.175 0.189 0.046 0.018
FB27 0.139 0.513 0.112 0.115 0.176 0.464 0.209 0.250 0.076 0.184 0.416 0.307 0.087 0.100 0.528 0.060 0.309 0.362 0.343 0.178 0.133 0.195
FB28 0.024 0.741 0.007 0.032 0.607 0.446 0.256 0.010 0.048 0.005 0.229 0.333 0.058 0.059 0.055 0.486 0.113 0.045 0.091 0.003 0.048 0.023
FB29 0.025 0.838 0.001 0.047 0.640 0.527 0.283 0.046 0.084 0.001 0.256 0.278 0.028 0.056 0.105 0.334 0.177 0.134 0.170 0.000 0.011 0.005
FB30 0.002 0.201 0.164 0.042 0.483 0.036 0.142 0.002 0.141 0.000 0.001 0.291 0.144 0.222 0.001 0.126 0.220 0.207 0.227 0.072 0.026 0.058
FB31 0.587 0.007 0.267 0.664 0.023 0.001 0.297 0.029 0.007 0.052 0.005 0.034 0.014 0.022 0.011 0.002 0.041 0.058 0.049 0.065 0.281 0.189
FB32 0.059 0.018 0.002 0.160 0.069 0.001 0.000 0.200 0.111 0.197 0.077 0.210 0.052 0.005 0.116 0.112 0.446 0.480 0.481 0.197 0.001 0.073
FH01 0.028 0.128 0.006 0.095 0.144 0.061 0.074 0.142 0.004 0.183 0.184 0.498 0.027 0.004 0.457 0.201 0.426 0.460 0.460 0.077 0.046 0.077
FH02 0.001 0.006 0.090 0.058 0.022 0.000 0.006 0.205 0.144 0.159 0.017 0.409 0.043 0.001 0.017 0.043 0.316 0.401 0.361 0.013 0.005 0.001
FH03 0.002 0.007 0.020 0.001 0.000 0.011 0.025 0.156 0.039 0.093 0.034 0.364 0.085 0.044 0.023 0.049 0.082 0.134 0.103 0.003 0.023 0.002
FH04 0.036 0.027 0.116 0.004 0.018 0.018 0.052 0.322 0.033 0.010 0.060 0.150 0.171 0.036 0.009 0.003 0.050 0.112 0.072 0.001 0.045 0.018
FH05 0.005 0.136 0.000 0.011 0.377 0.018 0.021 0.004 0.013 0.334 0.014 0.036 0.052 0.046 0.030 0.261 0.102 0.030 0.077 0.226 0.722 0.541
FH06 0.023 0.041 0.091 0.001 0.264 0.001 0.000 0.114 0.119 0.016 0.007 0.433 0.004 0.006 0.052 0.074 0.125 0.238 0.167 0.005 0.125 0.054
FH07 0.008 0.043 0.024 0.059 0.046 0.022 0.005 0.449 0.107 0.219 0.130 0.286 0.207 0.070 0.199 0.023 0.400 0.548 0.470 0.142 0.007 0.069
FH08 0.012 0.103 0.107 0.003 0.120 0.047 0.000 0.147 0.004 0.012 0.138 0.170 0.148 0.191 0.063 0.029 0.000 0.005 0.001 0.209 0.000 0.075
FH09 0.146 0.547 0.123 0.118 0.284 0.421 0.293 0.015 0.142 0.064 0.194 0.086 0.023 0.005 0.163 0.109 0.263 0.176 0.244 0.134 0.071 0.127
FH10 0.034 0.003 0.052 0.016 0.003 0.001 0.009 0.000 0.002 0.010 0.001 0.246 0.003 0.020 0.004 0.189 0.005 0.001 0.002 0.132 0.210 0.210
FH11 0.261 0.134 0.321 0.155 0.014 0.161 0.095 0.229 0.004 0.203 0.529 0.080 0.281 0.330 0.603 0.027 0.139 0.126 0.142 0.413 0.222 0.393
FH12 0.000 0.109 0.039 0.022 0.026 0.110 0.020 0.700 0.216 0.394 0.251 0.294 0.335 0.163 0.199 0.002 0.583 0.630 0.629 0.264 0.072 0.196
FH13 0.033 0.237 0.013 0.124 0.090 0.207 0.039 0.342 0.194 0.352 0.316 0.119 0.073 0.013 0.184 0.003 0.766 0.563 0.730 0.306 0.331 0.399
FH14 0.197 0.276 0.042 0.286 0.139 0.215 0.220 0.173 0.017 0.014 0.292 0.044 0.058 0.000 0.256 0.056 0.145 0.279 0.194 0.038 0.051 0.056
FH15 0.476 0.193 0.581 0.285 0.315 0.063 0.462 0.022 0.001 0.018 0.109 0.027 0.022 0.125 0.193 0.076 0.006 0.000 0.002 0.017 0.003 0.002
FH16 0.069 0.100 0.002 0.187 0.053 0.076 0.020 0.417 0.085 0.244 0.266 0.263 0.182 0.045 0.237 0.022 0.474 0.551 0.525 0.160 0.079 0.147
FH17 0.175 0.114 0.021 0.288 0.143 0.049 0.050 0.438 0.145 0.101 0.185 0.128 0.201 0.073 0.203 0.020 0.292 0.487 0.370 0.149 0.008 0.074
FH18 0.000 0.136 0.041 0.012 0.027 0.144 0.009 0.339 0.084 0.238 0.255 0.432 0.117 0.022 0.131 0.099 0.419 0.398 0.433 0.106 0.005 0.051
FH19 0.055 0.024 0.007 0.091 0.027 0.011 0.008 0.107 0.260 0.132 0.023 0.099 0.061 0.053 0.002 0.017 0.059 0.224 0.108 0.018 0.003 0.003
FH20 0.001 0.000 0.009 0.001 0.103 0.024 0.094 0.401 0.120 0.559 0.068 0.206 0.326 0.251 0.149 0.057 0.317 0.440 0.375 0.248 0.158 0.253
FH21 0.015 0.164 0.011 0.066 0.024 0.184 0.184 0.046 0.166 0.365 0.014 0.401 0.004 0.001 0.292 0.007 0.479 0.644 0.559 0.021 0.409 0.185
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HMP1 0.135 0.001 0.123 0.103 0.000 0.002 0.026 0.023 0.021 0.239 0.037 0.005 0.022 0.055 0.236 0.012 0.210 0.183 0.211 0.459 0.313 0.483
HMP2 0.159 0.000 0.166 0.110 0.001 0.000 0.024 0.010 0.035 0.172 0.015 0.022 0.012 0.046 0.136 0.017 0.133 0.121 0.136 0.399 0.227 0.389
HMP3 0.106 0.040 0.211 0.034 0.127 0.004 0.009 0.007 0.022 0.052 0.000 0.140 0.018 0.039 0.179 0.048 0.000 0.022 0.001 0.173 0.230 0.251
HMP4 0.026 0.105 0.223 0.005 0.148 0.040 0.006 0.022 0.016 0.001 0.050 0.313 0.021 0.133 0.003 0.213 0.152 0.075 0.130 0.046 0.046 0.058
HMP5 0.066 0.038 0.162 0.014 0.018 0.030 0.041 0.001 0.020 0.046 0.083 0.016 0.006 0.030 0.378 0.020 0.049 0.039 0.048 0.299 0.134 0.265
HMP6 0.007 0.000 0.073 0.095 0.007 0.004 0.005 0.017 0.473 0.069 0.080 0.192 0.021 0.066 0.150 0.019 0.106 0.243 0.153 0.073 0.001 0.031
HMP7 0.019 0.106 0.083 0.163 0.120 0.050 0.037 0.121 0.694 0.043 0.004 0.132 0.008 0.072 0.063 0.006 0.298 0.430 0.357 0.008 0.002 0.006
HMP8 0.122 0.066 0.001 0.300 0.071 0.033 0.167 0.004 0.705 0.105 0.055 0.200 0.101 0.107 0.024 0.000 0.292 0.471 0.365 0.003 0.007 0.000
HMP9 0.014 0.059 0.022 0.079 0.117 0.015 0.003 0.019 0.335 0.065 0.144 0.039 0.001 0.003 0.166 0.153 0.017 0.134 0.046 0.046 0.002 0.011
HMP10 0.009 0.002 0.058 0.095 0.000 0.002 0.006 0.103 0.119 0.008 0.001 0.041 0.021 0.025 0.000 0.154 0.083 0.260 0.138 0.000 0.075 0.025
HMP11 0.028 0.008 0.354 0.022 0.016 0.002 0.000 0.044 0.198 0.082 0.024 0.234 0.017 0.145 0.000 0.001 0.310 0.498 0.387 0.029 0.003 0.005
HMP12 0.135 0.273 0.010 0.243 0.057 0.286 0.308 0.019 0.499 0.010 0.003 0.124 0.248 0.303 0.077 0.037 0.105 0.174 0.133 0.062 0.001 0.017
HMP13 0.027 0.003 0.024 0.124 0.052 0.003 0.002 0.001 0.435 0.093 0.099 0.058 0.033 0.107 0.106 0.019 0.106 0.297 0.167 0.016 0.003 0.002
HMP14 0.101 0.204 0.000 0.228 0.014 0.261 0.126 0.048 0.474 0.054 0.009 0.167 0.012 0.085 0.011 0.006 0.163 0.366 0.234 0.015 0.005 0.001
HMP15 0.015 0.015 0.077 0.000 0.030 0.004 0.214 0.297 0.001 0.004 0.161 0.425 0.506 0.344 0.029 0.141 0.022 0.060 0.034 0.289 0.006 0.073
HMP16 0.315 0.125 0.424 0.170 0.002 0.180 0.003 0.000 0.033 0.001 0.008 0.153 0.067 0.169 0.014 0.000 0.014 0.040 0.023 0.272 0.002 0.105
HMP17 0.255 0.044 0.086 0.323 0.007 0.099 0.010 0.192 0.298 0.000 0.084 0.070 0.109 0.003 0.111 0.053 0.010 0.055 0.022 0.022 0.000 0.008
HMP18 0.026 0.120 0.011 0.031 0.000 0.193 0.063 0.573 0.401 0.055 0.224 0.017 0.338 0.120 0.019 0.073 0.104 0.125 0.117 0.207 0.000 0.069
HMP19 0.315 0.125 0.424 0.170 0.002 0.180 0.003 0.000 0.033 0.001 0.008 0.153 0.067 0.169 0.014 0.000 0.014 0.040 0.023 0.272 0.002 0.105
HMP20 0.002 0.010 0.055 0.053 0.165 0.121 0.029 0.079 0.000 0.113 0.129 0.071 0.193 0.294 0.049 0.319 0.001 0.006 0.000 0.195 0.372 0.344
HMP21 0.172 0.059 0.223 0.097 0.008 0.128 0.013 0.014 0.125 0.098 0.105 0.040 0.007 0.029 0.007 0.027 0.041 0.007 0.028 0.117 0.005 0.056
HMP22 0.127 0.004 0.143 0.081 0.068 0.004 0.001 0.000 0.092 0.156 0.003 0.060 0.000 0.025 0.018 0.006 0.032 0.008 0.023 0.078 0.011 0.048
HMP23 0.127 0.025 0.023 0.193 0.000 0.042 0.018 0.003 0.217 0.153 0.026 0.167 0.015 0.025 0.028 0.096 0.206 0.120 0.184 0.049 0.001 0.021
HMP24 0.053 0.029 0.016 0.189 0.052 0.008 0.141 0.056 0.200 0.076 0.029 0.353 0.297 0.313 0.016 0.188 0.260 0.228 0.262 0.016 0.000 0.006
HMP25 0.004 0.004 0.171 0.032 0.068 0.050 0.106 0.126 0.135 0.018 0.480 0.118 0.393 0.392 0.084 0.002 0.008 0.097 0.028 0.417 0.043 0.236
HMP26 0.223 0.031 0.327 0.110 0.011 0.079 0.005 0.019 0.093 0.037 0.110 0.000 0.028 0.059 0.026 0.010 0.004 0.003 0.001 0.141 0.000 0.047
HMP27 0.195 0.004 0.223 0.123 0.032 0.034 0.000 0.056 0.246 0.093 0.034 0.001 0.051 0.095 0.059 0.013 0.020 0.007 0.016 0.138 0.002 0.058
HMP28 0.104 0.013 0.145 0.055 0.037 0.063 0.039 0.253 0.257 0.103 0.135 0.007 0.240 0.236 0.052 0.067 0.032 0.008 0.023 0.250 0.004 0.105
HMP29 0.171 0.032 0.125 0.152 0.001 0.044 0.000 0.324 0.578 0.084 0.040 0.005 0.188 0.204 0.055 0.167 0.069 0.079 0.076 0.179 0.005 0.079
HMP30 0.000 0.000 0.069 0.022 0.082 0.017 0.027 0.016 0.317 0.013 0.243 0.021 0.016 0.015 0.066 0.114 0.002 0.105 0.020 0.167 0.038 0.117
HMP31 0.185 0.060 0.247 0.101 0.006 0.125 0.018 0.012 0.121 0.090 0.100 0.037 0.006 0.034 0.006 0.027 0.034 0.004 0.022 0.114 0.005 0.054
HMP32 0.153 0.002 0.191 0.090 0.053 0.004 0.006 0.001 0.085 0.133 0.002 0.053 0.000 0.033 0.014 0.006 0.019 0.003 0.013 0.074 0.010 0.044
HMP33 0.195 0.031 0.079 0.232 0.001 0.043 0.048 0.000 0.211 0.129 0.023 0.156 0.018 0.011 0.021 0.098 0.154 0.084 0.135 0.050 0.000 0.020
HMP34 0.104 0.038 0.000 0.239 0.077 0.009 0.222 0.078 0.205 0.063 0.034 0.356 0.328 0.268 0.011 0.201 0.212 0.188 0.214 0.016 0.000 0.006
HMP35 0.001 0.003 0.134 0.039 0.080 0.051 0.133 0.141 0.138 0.023 0.501 0.118 0.412 0.375 0.081 0.002 0.004 0.086 0.021 0.428 0.045 0.244
HMP36 0.217 0.031 0.313 0.108 0.012 0.080 0.004 0.021 0.095 0.039 0.112 0.000 0.029 0.057 0.028 0.010 0.005 0.002 0.001 0.143 0.000 0.048
HMP37 0.170 0.004 0.181 0.116 0.041 0.035 0.002 0.067 0.261 0.107 0.038 0.001 0.056 0.084 0.068 0.014 0.030 0.012 0.025 0.144 0.003 0.061
HMP38 0.073 0.010 0.088 0.044 0.052 0.065 0.069 0.292 0.273 0.123 0.147 0.006 0.260 0.209 0.062 0.072 0.051 0.017 0.039 0.259 0.005 0.111
HMP39 0.118 0.027 0.057 0.130 0.000 0.046 0.010 0.390 0.626 0.110 0.047 0.004 0.212 0.170 0.069 0.181 0.109 0.119 0.118 0.188 0.006 0.086
HMP40 0.004 0.000 0.105 0.016 0.070 0.017 0.015 0.020 0.315 0.009 0.233 0.022 0.014 0.022 0.071 0.113 0.006 0.122 0.029 0.165 0.035 0.114
HMP41 0.179 0.016 0.002 0.371 0.095 0.108 0.056 0.036 0.299 0.167 0.022 0.007 0.000 0.052 0.043 0.058 0.189 0.272 0.227 0.009 0.220 0.095
HMP42 0.034 0.273 0.001 0.093 0.353 0.115 0.000 0.029 0.002 0.006 0.117 0.032 0.001 0.016 0.173 0.176 0.023 0.001 0.013 0.059 0.053 0.000
HMP43 0.145 0.121 0.283 0.048 0.248 0.029 0.105 0.004 0.016 0.002 0.127 0.008 0.005 0.008 0.167 0.371 0.011 0.001 0.003 0.153 0.019 0.023
HMP44 0.007 0.001 0.025 0.056 0.273 0.059 0.020 0.068 0.231 0.066 0.003 0.015 0.030 0.012 0.220 0.245 0.030 0.065 0.042 0.002 0.089 0.019
HMP45 0.223 0.038 0.037 0.345 0.010 0.037 0.145 0.002 0.699 0.055 0.056 0.069 0.054 0.049 0.086 0.008 0.102 0.257 0.154 0.004 0.001 0.001
HMP46 0.265 0.027 0.058 0.383 0.018 0.018 0.164 0.000 0.643 0.031 0.065 0.064 0.062 0.046 0.109 0.002 0.068 0.190 0.107 0.008 0.002 0.006
HMP47 0.135 0.035 0.012 0.235 0.012 0.032 0.061 0.035 0.797 0.032 0.057 0.015 0.011 0.018 0.119 0.065 0.082 0.249 0.134 0.002 0.000 0.001
HMP48 0.183 0.046 0.031 0.282 0.031 0.031 0.126 0.008 0.756 0.016 0.075 0.028 0.041 0.034 0.123 0.028 0.058 0.200 0.101 0.012 0.004 0.009
HMP49 0.018 0.054 0.023 0.010 0.045 0.033 0.005 0.032 0.136 0.002 0.037 0.387 0.160 0.067 0.087 0.140 0.012 0.003 0.008 0.106 0.150 0.159
HMP50 0.000 0.004 0.001 0.000 0.083 0.006 0.014 0.063 0.066 0.022 0.120 0.264 0.160 0.061 0.085 0.212 0.007 0.001 0.004 0.161 0.363 0.313
HMP51 0.014 0.001 0.007 0.057 0.080 0.036 0.000 0.041 0.021 0.242 0.239 0.000 0.043 0.000 0.116 0.002 0.269 0.126 0.226 0.209 0.495 0.418
HMP52 0.010 0.011 0.020 0.060 0.210 0.013 0.020 0.071 0.000 0.361 0.186 0.009 0.076 0.002 0.018 0.019 0.293 0.126 0.242 0.203 0.433 0.381
HMP53 0.009 0.000 0.103 0.005 0.124 0.029 0.043 0.110 0.012 0.205 0.178 0.000 0.094 0.003 0.102 0.013 0.254 0.210 0.251 0.145 0.343 0.290
HMP54 0.093 0.003 0.260 0.014 0.119 0.014 0.145 0.143 0.001 0.107 0.060 0.000 0.099 0.009 0.047 0.024 0.158 0.229 0.190 0.042 0.117 0.092
TARGET TRAINING TEST UMBRELLA TEST BAG TEST
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HMP55 0.004 0.000 0.088 0.011 0.090 0.035 0.077 0.261 0.001 0.280 0.310 0.006 0.215 0.010 0.102 0.007 0.350 0.243 0.328 0.252 0.281 0.334
HMP56 0.086 0.036 0.194 0.022 0.003 0.045 0.102 0.345 0.002 0.055 0.204 0.021 0.209 0.009 0.175 0.004 0.189 0.238 0.216 0.080 0.015 0.053
HMP57 0.002 0.008 0.003 0.001 0.014 0.003 0.036 0.098 0.168 0.248 0.274 0.029 0.192 0.129 0.559 0.062 0.200 0.100 0.171 0.490 0.175 0.399
HMP58 0.019 0.000 0.009 0.020 0.005 0.003 0.088 0.010 0.006 0.283 0.012 0.338 0.007 0.027 0.153 0.003 0.137 0.041 0.104 0.030 0.310 0.161
HMP59 0.052 0.006 0.235 0.000 0.082 0.064 0.005 0.005 0.002 0.072 0.037 0.000 0.002 0.146 0.008 0.014 0.151 0.132 0.152 0.000 0.251 0.076
HMP60 0.029 0.001 0.210 0.003 0.013 0.009 0.042 0.119 0.007 0.075 0.112 0.025 0.056 0.026 0.067 0.014 0.211 0.223 0.226 0.030 0.054 0.051
HMP61 0.445 0.019 0.174 0.535 0.052 0.091 0.092 0.169 0.182 0.464 0.203 0.004 0.121 0.070 0.065 0.084 0.375 0.346 0.384 0.405 0.612 0.628
HMP62 0.064 0.083 0.010 0.205 0.302 0.004 0.007 0.000 0.139 0.167 0.041 0.000 0.002 0.040 0.088 0.213 0.075 0.144 0.101 0.002 0.267 0.065
HMP63 0.040 0.030 0.240 0.001 0.076 0.005 0.011 0.063 0.093 0.026 0.203 0.000 0.160 0.425 0.493 0.010 0.006 0.003 0.001 0.360 0.050 0.220
HMP64 0.015 0.023 0.004 0.020 0.091 0.128 0.226 0.387 0.106 0.006 0.210 0.172 0.370 0.136 0.150 0.291 0.001 0.007 0.000 0.085 0.008 0.046
HMP65 0.026 0.026 0.000 0.064 0.165 0.184 0.020 0.012 0.062 0.038 0.014 0.000 0.002 0.043 0.003 0.057 0.015 0.115 0.040 0.014 0.144 0.019
HMP66 0.029 0.005 0.009 0.038 0.156 0.093 0.049 0.151 0.258 0.002 0.028 0.140 0.122 0.007 0.261 0.215 0.001 0.005 0.000 0.006 0.001 0.004
HMP67 0.002 0.497 0.003 0.001 0.506 0.257 0.130 0.008 0.000 0.004 0.257 0.181 0.025 0.012 0.237 0.381 0.182 0.046 0.133 0.055 0.000 0.019
HMP68 0.018 0.193 0.007 0.022 0.409 0.043 0.004 0.022 0.001 0.000 0.147 0.061 0.001 0.002 0.084 0.177 0.114 0.001 0.059 0.082 0.013 0.011
HMP69 0.053 0.139 0.010 0.079 0.000 0.234 0.024 0.054 0.514 0.015 0.002 0.049 0.000 0.008 0.131 0.014 0.022 0.086 0.041 0.020 0.006 0.015
HMP70 0.188 0.056 0.069 0.231 0.027 0.154 0.040 0.018 0.515 0.044 0.000 0.001 0.002 0.023 0.129 0.021 0.039 0.122 0.065 0.001 0.006 0.004
HMP80 0.109 0.039 0.067 0.107 0.014 0.034 0.093 0.012 0.392 0.000 0.101 0.023 0.086 0.046 0.072 0.001 0.000 0.063 0.009 0.038 0.047 0.053
HMP81 0.000 0.039 0.038 0.016 0.018 0.105 0.024 0.021 0.086 0.004 0.025 0.059 0.100 0.277 0.081 0.022 0.000 0.053 0.007 0.237 0.019 0.126
HMP82 0.002 0.059 0.008 0.019 0.160 0.008 0.011 0.061 0.189 0.146 0.024 0.084 0.000 0.014 0.004 0.004 0.354 0.107 0.269 0.146 0.055 0.121
HMP83 0.291 0.150 0.271 0.219 0.037 0.150 0.062 0.045 0.000 0.044 0.528 0.001 0.037 0.012 0.086 0.174 0.119 0.014 0.076 0.389 0.043 0.224
HMP84 0.303 0.298 0.252 0.247 0.046 0.333 0.097 0.034 0.064 0.014 0.381 0.003 0.003 0.006 0.009 0.218 0.085 0.038 0.070 0.157 0.000 0.057
HMP85 0.053 0.000 0.000 0.123 0.020 0.007 0.025 0.008 0.027 0.136 0.129 0.006 0.007 0.015 0.157 0.000 0.215 0.142 0.199 0.172 0.411 0.345
HMP86 0.060 0.486 0.031 0.064 0.021 0.651 0.165 0.034 0.080 0.001 0.180 0.030 0.000 0.043 0.012 0.029 0.014 0.074 0.031 0.017 0.011 0.000
HMP87 0.234 0.087 0.042 0.355 0.127 0.032 0.128 0.035 0.435 0.152 0.025 0.215 0.011 0.001 0.012 0.033 0.344 0.190 0.302 0.076 0.007 0.041
HMP88 0.102 0.397 0.008 0.182 0.077 0.421 0.092 0.159 0.151 0.202 0.399 0.055 0.010 0.015 0.164 0.051 0.572 0.465 0.563 0.267 0.201 0.294
HMP89 0.004 0.278 0.001 0.014 0.009 0.383 0.015 0.111 0.003 0.064 0.356 0.001 0.030 0.016 0.244 0.016 0.230 0.246 0.248 0.155 0.191 0.216
HMP90 0.047 0.102 0.014 0.063 0.020 0.235 0.032 0.663 0.455 0.469 0.326 0.043 0.407 0.271 0.009 0.126 0.415 0.332 0.406 0.451 0.183 0.385
HMP91 0.143 0.046 0.008 0.266 0.021 0.124 0.006 0.407 0.323 0.161 0.238 0.007 0.214 0.011 0.007 0.038 0.275 0.305 0.299 0.240 0.075 0.186
HMP92 0.001 0.000 0.008 0.000 0.214 0.074 0.308 0.398 0.064 0.145 0.311 0.128 0.396 0.080 0.026 0.137 0.116 0.040 0.091 0.370 0.092 0.267
HMP93 0.352 0.192 0.087 0.493 0.112 0.140 0.244 0.205 0.568 0.187 0.046 0.272 0.022 0.021 0.038 0.000 0.333 0.535 0.415 0.051 0.045 0.060
HMP94 0.249 0.015 0.083 0.317 0.047 0.076 0.001 0.415 0.090 0.171 0.357 0.020 0.379 0.087 0.031 0.022 0.185 0.237 0.212 0.378 0.139 0.311
HMP95 0.318 0.079 0.067 0.463 0.016 0.182 0.106 0.050 0.208 0.019 0.115 0.043 0.008 0.040 0.062 0.030 0.065 0.091 0.077 0.018 0.109 0.066
HMP96 0.010 0.001 0.035 0.077 0.135 0.023 0.021 0.186 0.095 0.040 0.048 0.073 0.135 0.000 0.069 0.275 0.050 0.078 0.062 0.012 0.135 0.069
HMP97 0.584 0.126 0.354 0.576 0.001 0.187 0.125 0.109 0.118 0.073 0.317 0.002 0.064 0.005 0.026 0.035 0.129 0.155 0.144 0.256 0.063 0.184
Basal_1 0.074 0.530 0.125 0.030 0.157 0.503 0.061 0.140 0.110 0.041 0.474 0.128 0.034 0.060 0.024 0.093 0.112 0.013 0.072 0.123 0.001 0.048
Basal_2 0.154 0.196 0.191 0.091 0.005 0.273 0.013 0.227 0.106 0.125 0.503 0.001 0.170 0.197 0.003 0.008 0.119 0.005 0.068 0.341 0.110 0.267
HR_b 0.127 0.343 0.176 0.067 0.047 0.392 0.031 0.204 0.117 0.091 0.532 0.032 0.109 0.141 0.010 0.006 0.126 0.009 0.075 0.256 0.046 0.167
SDNN_m 0.484 0.049 0.255 0.512 0.008 0.110 0.220 0.006 0.069 0.136 0.108 0.089 0.001 0.000 0.024 0.050 0.104 0.135 0.119 0.056 0.105 0.098
MeanHR_m 0.188 0.451 0.232 0.111 0.131 0.431 0.214 0.011 0.022 0.007 0.431 0.006 0.000 0.002 0.020 0.076 0.059 0.001 0.025 0.108 0.051 0.098
RMSSD_m 0.046 0.032 0.002 0.087 0.030 0.017 0.031 0.019 0.275 0.017 0.178 0.037 0.047 0.003 0.323 0.134 0.000 0.000 0.000 0.089 0.002 0.023
NN50_m 0.077 0.286 0.159 0.024 0.074 0.282 0.078 0.014 0.065 0.004 0.508 0.012 0.015 0.002 0.344 0.175 0.050 0.007 0.033 0.250 0.075 0.192
VLF_m 0.539 0.054 0.232 0.624 0.001 0.097 0.274 0.003 0.066 0.150 0.116 0.080 0.001 0.010 0.045 0.076 0.170 0.202 0.190 0.080 0.139 0.134
LF_m 0.002 0.135 0.000 0.005 0.334 0.023 0.004 0.008 0.115 0.127 0.178 0.031 0.001 0.012 0.108 0.275 0.000 0.010 0.001 0.028 0.084 0.004
HF_m 0.074 0.244 0.198 0.013 0.111 0.199 0.099 0.019 0.140 0.001 0.440 0.000 0.035 0.030 0.604 0.210 0.020 0.008 0.016 0.210 0.049 0.148
LFHF_m 0.208 0.003 0.376 0.078 0.061 0.043 0.153 0.008 0.002 0.102 0.012 0.033 0.006 0.110 0.153 0.007 0.001 0.005 0.000 0.036 0.220 0.132
TARGET TRAINING TEST UMBRELLA TEST BAG TEST
